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INTRODUCTION

The faults of the San Gorgonio Pass-are part of a complex zone {
of faulting controlled by the San Andreas fault syslcm as il attempts o
accommodate the southern "Big Bend”. The names "Banning Faull” and
"San Andreas Fault" (various strands) have been applied to faulis in this
area in different ways, however, for this evaluation the nomenclature of
Matti and others (1992) will be used for the rcgional faulls (Figure 2). In
the $an Gorgonio Pass the Banning Fault is an older, but still partly active,
strand of the San Andreas system. The San Gorgonio Pass Fault Zone is
a morc recently developed cast-west trending complex of thrust and reverse
faults which has been overprinted on the Banning fault and now lics largely
south of that fault. It is part of the southern boundary of the Transversc
Ranges as well as being associated with the San Andreas [aunit systcm.
Several other [aults, some directly associated with the San Gorgonio Pass
and Banning fanits, arc also within the study area. The San Jacinto Fault
Zone, in the El Casco quadrangle, was included in a previous Fault
evaluation (Kahlc, 1987) and is not further addressed in (his reporl.

The purpose of this study is to re-evaluate existing Earthquake
Fault Zones within the San Gorgonio Pass (the San Andreas, San Gorgonio
Pass, Banning, Gandy Ranch and Garnet Hill faults) and to determing if addilional faults within this area arc
sufficiently active and well-defined to be included within new Earthquake Fault Zones under the Alquist-Priolo
Earthquake Fault Zoning Act (Hart, 1994). The area evalualed includes the Beaumont, Cabazon, El Casco and
White Water! 7.5-minulc quadrangles (Figure 3). Earthquake Fault Zoncs currently exist on the El Casco
quadrangle (CDMG, 1988), the Cabazon quadranglc (CDMG, 1974) and the White Water quadrangle (CDMG,
1980). The San Gorgonio Pass Fault was previously evaluated by Smith (1979). The Banning Faull was rc-
evaluated in the White Water quadrangle by Kahle and others (1987) following the 1986 North Palm Springs
earthguake. The Mclnnes Fault was previously gvaluated by Smith (1978).

Figure 1. Location of study arca.

REGIONAL OVERVIEW AND SEISMICITY

The San Andreas Fault Zonc in southern
California may be divided into two major elcments,
the Mojave Desert segment and the Coachelln
Valley segment, which stcp left from each other in
the vicinity of the San Gorgonio Pass (Figure 2). In
this stepover area (also referred to as the Sam
Bernardino Mountains segment (Matti and others,
1992)) the fault zone hecomes more complex and
does not have a clear, currently active, throughgoing
fault break. Instead it is a combination of older
strike-slip faults (partly active or re-occupicd) and
newer thrust and tear faulls, Allen (1957,p.337)
recopnized that “various structural complications
make the continuity of the faull through this region
doubtful” The San Gorgonio Pass area of the San
Andreas Fault system (including the Banning and

San Gorgonio Pass [aults) has been discussed in
some detail by Matti and others (1992).

The Coachella Valley segment of the San
Andreas Fault Zome divides into two principal
strands as it approachcs the San Bernardino
Mountains. The more northern of these has been
called the North Branch of the San Andreas Fault
(Dibblee, 1975), the Misslon Creek Fault (Allen,
1957), and the Coachella Valley segment of the San
Andress Fault (Matti and others, 1992). This
strand, or branch, poes through Descrt Hot Springs
and merges to the northwest into the Mill Creek
and Mission Creek faults, The Mill Creek and
Mission Crcek Fault strands of the San Andreas
system have apparenily become less active as the
faults in the 3an Gorgonio Pass have taken up more

! Early printings of this quadrangle were labeled "Whitewater" quadrangle, and therefore it is also spelled
this way (onc word) in some early referenccs. The most recent printing is spellcd "White Water" (two words)

after the Post Office, however (he river and certain

other geographic [catures are spelled as one word.
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Figere 2 (FER-233) - Relations between faults and crustal blocks (from Matti and others,

1992, figure 6).--Schematic diagram illustrating relations between faults and crustal blocks in the vicinity of the
south-central Transverse Ranges. Lasge solid arrows indicate the relative motion of crustal blocks; large hollow
arrows indicate lateral transfer of slip. Small solid arrows indicate crustal extensicn in the Crafton Hills horst-and-
graben complex. BF, Banning fault; CF, Cuecamonga fault; CH, Crafion Hills; CPR, Cajon Pass region; SAF, San
Sandreas fault; WC, Wilson Creek strand, San Andreas fault. Ten millimeters of annual slip on the San Jacinto

fault is assumed from data of Sharp (1981}.
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of the sirain (Matti and others, 1992), The
southern strand of the Coachella Valley segment
has been called the South Branch of the San
Andreas Fault (Dibblee, 1975), the Banning Fault
(Allen, 1957), and the Coachella Valley segment of
the Banning Fault (Matti and others, 1992). This
segmenl veers westward as it gocs into the San
Gorgonio Pass. Allen and Sieh (1983) rcported
2mm/yr of creep along this fault segment (Figurc
3).

The Muojave Desert segment of the San
Andreas Fault Zone has two principal strands at its
southcastern end, where it mcrges into the San
Bernardino Mountaing area. The northern of these
strands is the Mill Creek Fault (also considered
part of the North Branch of the $an Andreas by
Dibblee, 1975). Matti and others (1992) hclicve
that this strand is no longer an active part of the
San Andreas Fault Zone, although it may have been
locally reactivaled by dip-slip movement. The
southern, and currently active, strand is the San
Bernardino strand of the San Andreas (part of the
South Branch of the San Andrcas of Dibblee, 1975)
which appears 1o die out as it approaches the
Banning Fault northeast of the town of Banning
(Matti and others, 1992). To the northwest it has a
slip-rate of 25 mm/yr (Rasmussen, 1982) or 6-25
mm /yr closer to this study arca (Harden and Matti,
1989),

Within the San Gorgonio Pass area strain
appears to be transferrcd, from the Coachella
Valley scgment to the Mojuve Desert segment, in a
very complex manner (Figurc 2 is one interpretation
from Matti and others, 1992). The change in strike
of the fault system imposcs a component of
compression in addition to the strike slip
displacement. Thesc stresses are accommodated by
displacement along the San Gorgonio Pass Fault
Zone as well as the Banning and Garnet Hill faults.
Matti and others (1992, p.1) estimate that about
3km of right-lateral displaccment on the Banning
Fault from the cast “has been absorbed by
eonvergence within the San Gorgonio Pass faull
zone”. Much of the strain is probably transferred in
the central part of the Pass (near Cabazon) to the
San Bernardino strand and some may be
transferred, further west, to the Sun Jacinto Fault
Zone. It has also been suggested (hat the San
Andrcas Fault may be continuous at depth through
the region but is overlain by the south-verging thrust
faults or by "mega-landslides’. The complex
interplay of faults has also resulted in extension
across the Beavmont Plain Fault Zone and the
Crafton Hills Fault Zone (northwest of, and not

p.6

part of this study). Several other faults in thc Pass
area, that may be rclated to older periods of
deformation, are also bricfly discussed in this
cvaluation. Numerous other faults kave been shown
by Bloyd (1971); many of these have boen defined
ot inferred based on groundwater data or limited
exposurc in aqueduct tunnels. These faults have
been shown on Platcs I a-d, for compleleness, but
only a few of these are discusscd. The remainder of
these  inferred or buried structures have no
indieations of recent displacement. The study arca
and the principal faulls assessed are identificd on
Figure 3.

Age Determination of Faulting

There are widespread Qualernary deposits
in the faulted terrain in the San Gorgonio Pass.
The recency of faulting can be judged based on
which deposits are displaccd and the nature and
magnilude of that displacement, Much of the
Quaternary stratigraphy was defined by Allen (1954
and 1957) with the latcst Pleistocene and Holocene
being further defined by McFadden (1982) and
Matti and others (1992). Some of Lhe alluvial
chronology was based on comparison to fans along
the Cucamonga Fault zone (Matti and others, 1982).

The oldest Quaternaty unit of interest here
is the San Timolco Formation, a Plio-Pleistocene
continental deposit which comsists of sandstone,
siistone and conplomerate. Next oldest, in the
Whitewater River arca, are some deformed gravels
mapped by Allen (1954, 1957). These gravels, along
with the younger and more widespread Caberon
fanglomerate, are poorly soried gravels consisting
largely of granitic and pegmatitic rock. These unils
were mapped by Matti and others (1992) as
undiffcrentiated Plio-Pleistocenc scdimentary rocks
and as dissected Pleistocene alluvial fan and flood
plain deposits with a well-developed argillic horizon.
Matti (personal communication, 1993) cslimated
that the dissected units may be on the order of
500,000 years old. The Heights fanglomerate is in
places above the Cabczon fanglomerate, but is
gencrally found more in the central and western
part of the Pass whereas the Cabezon [anglomerale
is found more in the castern part of the Pass. The
Heights fanplomerate is distinguished from the
Cabezon fanglomerate by being dominated more by
gneissic clasts rather than the granite and pegmatite
clasts,. Matti and others (1992) include this unit
with latc-Pleistocene older fan and flood plain
deposits which have a moderately to well developed
argillic horizon. All of these units are pre-
Holocene.



FER-235
9/27/94

The mid-Pleistocene to Holocenc deposits,
as mapped by Matti and Morton (1974-91, 1903)
and Morton and Matti (1993a,b), have been
subdivided into scveral distinet units (see Table 1).
In most cases these latler units are dated relative (o
each other based on depositional relationships and

p-7

on degree of soil development. A few radiocarbon

ages have provided calibration for the relativc age
estimates. The late-Quaternary units listed in Table
1 are referenced (in parenthcses) throughout the
texl,

TABLE 1
Relative ages of late-Qualcrnary map units (preliminary) used by Matti and Morton (1974-91, 1993) and Morton

and Matti (1993a,b) [J.Matti, pcrsonal communication, 1993],
— — — —

o Qw active channel deposits
Qfm modern alluvial fan deposits
Oyt late-Holocene fan deposits
Qyt, latc-Holocene fan deposits (about 2.9ka per Sich and Matti, 1992)
Qyf, mid-Holocene fan deposit (about 3.6-5ka per Sieh and Matti, 1992)
Qyf, carly Holocenc fan deposil
Qyf, late-Fleistocene to Holoeene (7) fan depusil
Qof late-Pleistocenc {fan deposits (20-250ka)
Qdf mid-Pleistocene fan deposits (dissected) - (500ka); includes Heighis and
. LCabclenmcrates of Allen (195:2 __

Seismicity in the San Gorgonio Pass area
has been dominated in recent ycars by the 1986
North Palm Springs carthquake and its aftershocks
(Figure 4). This M, 5.9 carthquake, located near the
Mission Creek Fault, had a focal depth of 11.3 km
and a focal mechanism for the main shock
indicating pure strike slip on a plane irending
N60'W and dipping 45° to 55" north (Jones and
others, 1986). Sich and Matli (1992) noted that the
zone of seismicity as well as the focal mechunism
for thc mainshock project up to the Garnet Hill
Fault rather than the Banning or San Andreas
Faults. Matti and others (1992) noted "a deep
wedge of seismicity' within the San Gorgonio Pass
arca (22km decp) that is bounded on the north hy
the Mission Creck Fault, on the south by the
Banning Fault, and on the west by the southern end
of the San Bernardino Strand of the San Andreas
Fault. This is the decpest seismicity in southern
California,

Recent work by Jones and others (1993 and
written communication, 1993), based on relocation
of historic carthquakes, suggests that there may be
a throughgoing San Andreas Fault at depth which
does not reach the surface as a simple trace, Their
analysis of the rclocated epicenters shows a 9km
increase in depth of the base of seismicity southwest
of a 30km long linc which parallcls and includes the
focal planc of the North Palm Springs earthquake.
This contrast implies a possible break between two
different structural blocks. They infer that this
break may bc the San Andreas Fault or a structure
splaying off lrom it.
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Figure 4 (FER-235) - Seismicity of the San Gorgonio Pass area from 1984 to 1992 {from |[|}-
Lucy Jones, written communication, 3/22/93). 3




FER-235
9/27/94

P2

DISCUSSION OF INDIVIDUAL FAULTS

Because of the number and complexity of faults addressed in this report, the faults will be individually

discussed with regard to previous work, aerial photo and field observations and discbssion. Recommendations
for zoning of all of the assesscd faults will be discussed under that final heading (p.39). Recference in (he text

to age of alluvial units is based on Table 1.

SAN GORGONIO PASS FAULT ZONE

Previous Work - (Plates I ab,c & d)

The San Gorgonio Pass Fault is actually a
zone of discontinnous reverse and thrust faults and
associated tcar faults. The older clements of this
fault zone are superimposed oun the Banning Fault
Zone and are discusscd under thal heading (p.19).
The younger strands of this zone lie outward
(south) of the Banning Fault and the base of the
$an Bernardino Mountains (Figure 3; Plates Iab,c
&d). The first portions of the San Gorgonio Pass
Fault Zonc (o be recognized were the Cherry Valley
Fault, a fault along the toc of the Banning Bench
and a 2km-long northeast-trending segment crossing
the lower part of the Millard Canyon fan on the
Cabazon quadrangle (Vaughan, 1922; Shuler, 1953
Allen, 1957; Hope, 1969). The Millard Canyon an
part of the fault (on the Cabuvon Quadrangle) was
included in the initial Earthquake Fault Zones
established in 1974 (CDMG, 1974; see Plate IITe).
Another segment of the fault zone was recognized
to the cast by Smith (1979) who was the first to
apply the namc to the fault zone (Platc Id). [A part
of this fault was labeled Garnet Hill Fanlt by
Morton and others (1987) but that name is herce
constraincd to the strike-slip fault along thc more
prominent slope break just to the north], Smith
(1979) mapped a serics of discontinuous south-
facing scarps from about lkm west of the
Whitewater River to about 5km west of the canyon,
An Earthquake Faull Zone was also established
around this portion of the fault zonc based on
Smith’s work (CDMG, 1980; see Plate I1id). Matti
and others (1985 & 1992) subscquently mapped a
much greater extent to this fanlt Zonc and clarificd
its relation to the regional toctonics. Their work
characterized the fault as a zone of northeasterly-
trending thrust faults connceted by northwesterly-
trending tcar faults,

Calimesa to Cherry Valley - Plates ta and I

The western portion of the fault zone, from
Calimesa to Cherry Valley, is considered the least
active (Matti and others, 1992}, On the El Casco
quadrangle the two traces of the $an Gorgonio Pass

Faull mapped by Matti and Morton (1974-91) are
largely the same as the two traces of the Cherry
Valley Fault as mapped by Shuler (1953). The
Cherry Valley Fault was mapped by Shuler (1953)
as two sub-parallcl normal faults which merge
loward the cast to form one trace (Plate Ia). He
shows the fault zone juxtaposing terrace deposits (to
the south) against San Timoteo Formation. Dibblee
(1981a) shows this same rclationship with a non-
fault contact. Bloyd (1971) showed only one
concealed trace, but in roughly the same location as
Shuler’s northern trace.  Bloyd referred to the
Cherry Valley Fault as a "postulated fault" based on
groyndwater data. Matti und Morton (1974-91)
show two (races, similar to those shown by Shuler,
but with more detall. They consider this to be the
wesicrn part of the San Gorgonio Pass Fault Zone.
This portion of the [ault zone is called the San
Gorgonio Pass Fault Zone (western extension) on
the Preliminary Fault” Activity Map of California
{Jennings, 1992), and is indicated on that map to
have had late Quatcrnary displacement (past
700,000 years).

West of Interstate 10 the fault has only very
subdued geomorphic expression (as a subtle step in
the remmants of an older surfacc). Although not
found during earlicr studies (Rasmussen &
Associates, 1983), the southcrn trace was located in
later trenching within the San Timoteo Formation
(Dames and Moore, 1987 Rasmussen &
Associates, 1988b). Damcs and Moore found a
zone of north-dipping reverse faults, including a
fracturc which appears (in their trench log) as if it
may affect Quaternary soils (T3 localed on Plate
la). Iu a trench to the west (T2), the faull may be
cxpressed in the San Timoteo Formation as a
faulicd anticline which has a stceper south imb (47°
compared to 6° on the north kmb). Rasmussen &
Associates (1988b) made additional excavations and
concluded that the fault was not active, based on the
lack of deformation of latc-Pleistocene alluvium.

Much of the surface expression of the
southern fault trace, cast of Interstate 10, was found
lo correspond (o lithologic contacts rather than
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faults (1CG, Inc., 1990). Matti and Morton (1974-
91) indicate that the sontherly trace, immediately
east of 1-10, is marked by a south-facing scarp in a
mid- to late-Pleistocene fan remnant (Qof and Qdf)
and disappears west of Calimesa. They show it to
the ¢ust, only to be partly truncaicd by a strand of
the Beaumont Plain Fault Zone (see Plate Th).
Several investigations by consultants have provided
very little new information on (he southem trace.
Some faulting was found, however, near the
northerly of the mapped traces (see Plate Ia for
locations). In Calimesa a small northwest-trending
fault was observed with about 12" normal separation
(down to the southwest) of Pleistocene deposits
(NW% of Sec.24, Rasmussen & Associates, 1987).
Three to four southwest-dipping Pleistocere faults
were observed in a pair of trenches about one mile
to the southeast (SW Sec.19 - Smith, 1988). A
trenching study by ICG, Inc. (1990) relocated part
of the fault in the northeast part of Sec.30 where
they identified a fault in San Timoteo Formation
marked by a collyvium-filled Rssure. Nong of the
consultants in these Lhree studics considered the
faults found to be active. The northern trace (as
mapped by Matti and Morton, 197491 & 1993)
merges locally with the southern tracc near the
quadrangle boundary, but then veers northeastward,
displacing rcmnants of a mid- to late-Pleistocene

fan (Qdf).

Cherry Vailey to San Gorgonio River - Plate Ib

In the Cherry Valley area the fault takes on
a more sinuous (race across the old fan of the Little
San Gorgonio Creek. It is expressed as several
discontinuous scarps on the older (mid-Pleistocene,
Qdl) fan surfaces (Mauti and Morton, 1993), In
some places Holocene fan deposits are juxtaposed
with mid-Pleistocene fan deposits (Qdf) across the
fanlt, but the Holocene deposits are interpreted to
have been deposited against a pre-existing scarp (I,
Matti, personal communication, 1993). A study by
Rasmussen & Associates (1992) across one of the
more promincnt scarps of the northcrn trace found
evidence of faulling -- a thrust fault dipping north at
26°. Rasmussen judged the fault at this location to
be pre-Holocene based on the lack of displaccment
of what he considcred to be late-Pleistocene age
alluvium that overlies the Fault.

Eastward from Cherry Valley the San
Gorgonio Pass Fault Zone apparently steps outward
(southward) from the range [ront. The large
topographic cscarpment that extends castward from
Highland Springs (referrcd to hereafter as the
Highland Springs scarp) may be larpely the result of

p.10

this fault. It is shown as a fault scarp by Matti and
others (1992). [Other faults which may have
contributed to the scarp include the Banning strand
B to the cast (see p.20), and possibly the "Wildwood
Canyon" fault splay which extends to the northwest].
Matti and others (1992) mapped two additional
scarps across a dissected Pleistocene fan remnant
(Qdf) southeast of Highland Springs. The scarps
are obscured by late-Pleistocene fan deposits (Qof).
They then step the fault zome further south to
define the toe of the Banning Bench. They infer
the fault to step southward along northwest-
trending, right-lateral tear faults (shown as
concealed or inferred faults on Plate Ib).

Blanck (1987) mapped an east-west
trending  thrust fault, 1% miles southeast of
Highland Springs, that he projects eastward across
thc southern part of the Banning Bench.
Rasmussen & Associates (1979a) also investigated
this area but did not identify faulting as shown by
Blanck, although they did identify a [ault within (he
San Timolco Formation where Blanck mapped the
hcad of a landslide. This fault, trending N79°E,
does not displacc Heights Fanglomcrate.
Rasmussen & Associates (1979b) found another
fault, in Section 32, which also trends N79°E, dips
generally stceply north, und does displace Heights
Fanglomerate (late-Pleistocene).  Fractures and
displacement extended into dark-brown older
alluviumn and offset the base of the soil less than 0.5
foot.

Allen (1957) and Dibblee (1981b) both
mapped a concealed fault at the toe of the Banning
Bench (not shown on maps in this report), This
fault was investigated by Rasmussen & Associates
(1989a) who inlcrpreted trench data to indicate that
the fault exists at the base of the slopc but is
overlain by unfaulted latc-Pleistocenc to Holocenc
sediments. Howcver, in one trench late-Pleistocene
deposils were clearly faulted, and younger unfaulted
sedimenls were not radiocarbon-dated. Thus, Lhe
age of faulling is uncertain. The fault was observed
with dips ranging from 36° to 57° (o the north.
About one-hall mile to the cast (north of Gilman
St.) Matti and Morton (1993) show the fault cutting
carly Holocene fan deposits (Qyf,?). Blanck (1987)
also mapped several thrust faults along the toc of
the Banning Bench. Blanck’s thrust faults are
mapped somewhal above the base of slope, whereas
Matti and Morton (1993) mapped their fault at the
base of the slope. The younpest unit that Blanck
(1987) shows faulted is older altuvium and he infers
the fault beneath younger fan deposits.
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San Gorgonip River to Millard Canyon - Plate Ic

Across the head of the $an Gorgonio River
fan the faull zone consists of discontinuous scarps.
Soils on this fan surface, where it is cut by the
scarp, arc considered Holocene by Matti (personal
communication, 1993). From Hathaway Creek to
Potrero Creek the fault zone is largely obseured by
modern fun deposits. Multiple discontinuous scarps
cxtend southeasterly across vemnants of early to
mid-Holocene deposits (of the Potrero Creek fan
(Morton and Matti, 1993a), but therc has been little
other information developed for this area.

Morton and Matti (1993a) show the: fault to
swing back northeasterly across the Millard Canyon
fan us a complex scarp and monoclinal warp in mid-
to late-Holocene fan scdiments (Qyf, and Qyf,).
This fault segment was previously mapped by Allen
(1957) and Hope (1969). Scveral consulting repotts
address this scarp, in part because this siretch of
fault is within an Earthquake Fault Zone (Clopine,
1988, 1989a, 1989¢, & 1990; Rasmussen &
Associates, 1994). Two of the consulting reports
(Clopine Geological Services, 1989%¢ & 1990)
investigated part of the northwest trending segments
(not previously zoned) and documented a significant
strike-slip component. The report by Rasmussen &
Associates (1994) records several parallel north-
dipping thrust faults. The other two reports
(Clopine Geological Services, 1988 & 1989a)
documented thrust displacements along the
northcasterly trending section of the fault. The
displaced sediments were judged to be Holocene
based on previous mapping and the lack of soil
development, significant weathering or lithification,
Additional detailed mapping along the northeast-
trending throst has been done by Morton and Matti
(1993a) and students al California Institute of
Technology (unpublished work in progress, personal
communication from Dr. Kerry Sich, 1992). These
studies have documented a young fault scarp up to
2.2m high with additional monoclinal warping above
the scarp.  Sich and Matti (1992) provide
considerable detail on this fault segment:  total
vertical displacement of the fan surface (Qyfy)
reaches a maximum of 13 meters, the largest scarp
contains more than one fault planc with dips as tow
as 20° and the younpest scarp (with roughly 1m of
vertical displacement) is in alluvium that is roughly
2,875 ycars old (Qyf,). [Some of this data comes
from unpublished trenching studics by John Tinsley
and John Matti of the US Geological Survey).

p11

Millard Caniyon to Stubbe Canyon - Plates Ic and fd

East of the Millard Canyon fan the fault is
very poorly defined but is inferred to mark the
abrupt lobate southern front of the mountains
(Dibblee, 1981b&c; Matti and others 1992),
Between Dcep Canyon and Stubbe Canyon
landsliding and recent alluviation may be obscuring
the cxact fault location, although Sieh (personal
communication, 1993) believes that a scarp may be
visible in fan deposits just southeast of Deep
Canyon. Morton and Matti (1993a) map this scarp
as an crosional scarp between modern stream and
fan deposits (Qfm) and OQyf,. East of Lion Canyon,
Allen (1957) mapped a large landstide complex at
the mountain front (Sections 2 & 11). The
landshding is easily suggested by a closed depression
and breached basin behind a lobate front. Matti
and others  (1992) mapped wore extensive
landsliding in this area (not shown on plates herein)
but interpret the fault to pass through this area as
well. Sieh (1992, personal communication) has a
different interpretation - he attributcs the apparent
closed basins Lo backtilting rclated to an upward-
steepening thrust fault and obscrved a possible
0.5m-scarp ncar the eastern end of this lobe (Plate
Id). In any of these interpretations the surface
trace of the fanlt may be largely concealed by
landsliding or stumping of the overstcepened fromt,

A northeast-trending scarp at the mouth of
Stubbe Canyon was attributed by Allen (1957) to a
normal fault related (o the Banning Faull Zone,
however this scarp also coincides with the Sam
Gorponio Pass Fault as mapped by Matti and others
(1992). This scarp is in what Matti and others
(1992; Morton and Matti, 1993b) map as Holocene
[an deposits (Qyf;), and is overlain by modern fan
deposils (Qfm).

East of Stubbe Canyon - Plate Id

East of Stubbe Canyon the San Gorgonio
Pass Fault Zone may have lwo active zones: one
along the basc of the hills and one which has
stepped  southward to the distal portion of the
Cottonwood Canyon fan, The entirc group of
thrusts at the base of the hills is roughly coincident
with the Banning Fault, allhough the lower traces
appear to be identified as the casternmost part of
the San Gorgonio Pass Faull Zone by Matti and
others (1992). The higher members of this group
are discusscd with the Banning Fault (p.20), The
zone at the base of the hills does not show up with
any clarity on the mapping in progress by Morlon
and Matti (1993b) but it is suggested by Matti and
others (1992) 1o continue close to the mountain
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front as a low-angle thrust which stcepens and
merges, east of Cottonwood Canyon, with the
Banning Fault. A portion of this fault, immediately
west of Cottonwood Canyon, has been mapped by
Rich Wolf (unpublished mapping in progress,
CalTech, September 1993; see Plate Id). One short
segment across a low ridge west of the mouth of
Cottonwood Canyon (shown by Morton and Matti,
1993b;  also by Wolf), was investigated by
Rasmussen & Associates (1984b, southern trench
site) who found no evidence of faulting at this
location. Rasmussen’s trench data suggests that this
low ridge is an croded remnant of a late-Plcistocene
fan,

Smith (1979) mapped and named an
element of the San Gorgonio Pass Fault Zone that
lies about 1.5 milcs south of the Banning Fault, and
which appears to merge (near White Water) with
the Garnct Hill Fault. Smith’s faull, interpreted as
a thrust, is based on a discontinuous scarp in
alluvial fan deposits which was mostly 1m high but
up to Zm high and with a scarp angle up to 35°
Some mapped scarp scgments may represent a
rather localized monocline along which surface
repture did not occur” (Smith, 1979, p.3). Where
the faull is inferrcd he observed broad warping.
This eust-west alignment of scarps was called the
Garnet Hill Fault by Morton and others (1987) but
is here considered morc closely related to the San
Gorgonio Pass Fault Zone. [l am restricting the
Garnet Hill Fault to the strike- slip fault at the base
of the hill to the northeast and associate the
apparcnl thrust faull with the San Gorgonio Pass
Fault Zone]. A trench study by Lohr (1983) across
some of the scarps did not find any faults, He
interpreted the scarps as probable erosional or
depositional fealures.  Hart (1983) suggested,
however, that the trench logs may support
monoclinal warping duc to a buricd fault. The San
Gorgonio Pass Fault has not been mapped further
east than about three-quarters of a mile west of the
Whitewater River. On the fan of Cottonwood
Creek, a short northeast-trending faull has also
been shown by Woll (unpublished mapping in
progress, CalTech, September 1993) between the
frontal faulting and the faulting to the south. This
fault truncatcs remnants of an older (late-
Pleistocene) alluvial fan {Qof).

p.12

Aerial Photo Interpretation and Field Observation -

(Plaics IT ab,c & d)

Calimesa to Cherry Valley - Plates Ila and 1{b

West of Interstate 10 (he San Gorgonio
Pass Fault Zone (Cherry Valley Fault) has only
weak expression as a subtle step or broad
cscarpment geross remnants of an older, now
erodcd surface (Qof). Southeast of Calimesa the
southern mapped trace of the fault is characterized
by similar remnants of a step in the older surface.
The scarp indicated by Matti and Morton (1974-91)
across late Pleistocene deposits is irrcgular and
probably dissected.  The northern trace is barely
suggested by a few possibly deflected (righi-lateral)
ridges and one deflecicd drainage. A subdued scarp
(about 11° in Pleistocene deposits, Qd) is visible
near the common border of the El Casco and
Beaumont quadrangles, as mapped by Matti and
others (1992). Where this feature is apparently
sharpest (based on aerial photos), as a southeast-
facing slope north of Vineland on the Beaumont
quadrangle, it may have merely been enhanced by
lateral crosion of minor local drainages. The scarp
shown by Matti and Morton (1993) north of
Orchard Ave, at Nancy Ave. is a broad [eature (in
(df) which could be a local warp or an old channel
margin insicad of a well-defined scarp.  Their
southern trace, al Woodland Ave, appears 1o mark
the southcrn margin of a gentle domal landform
which could be tcctonic. In general, the drainages
which eross these fault scgments show no convincing
lateral displacement or indications of renewed
incision due (o uplift.

Cherry Valley to San Gorgonio River - Plate 11

In the Cherry Valley area the fault zonc is
only discontinuously e¢xpressed in older (mid to late
Plcistocene) fan remnants (Qdf) and is largely
masked by the younger late-Pleistocene (Qof) to
Holocenc (Qyf) alluvial lans. West of Litde San
GGorgonio Creck is a locally abrupt scarp across
Pleistocene deposits (Qdf).  This scarp has been
modified, in places, by stream erosion and grading,
but there arc a few natural appearing slopes as
steep as 157 or greater. The fault was not apparent
in 4 road et on the east side of Little San
Gorgonio Creek and ils cxpression here is very



FER-235
9/27/94

indistinet. A steeper slopc (probably modified by
crosion) in fan deposits just west of Noble Creek
marks a buttress unconformity where early-
Holocene fan deposits (Qyf,) appear to he
deposited against a scarp in Pleistocenc deposits
(Qdf). East of Noble Creck the fault steps to the
solthcast where two additional [ault-scarps arc
quite prominent in the older [an remnants, but are
buricd by late-Pleistocene to carly Holocene
deposits (Qyf,). [The main break in slope 1500° to
the north is a possible splay of the Banning Fault
and is discussed on p.20].

East and southcast from Highland Springs
there are scveral inferred fault strands. The
Highland Springs scarp is largely buried by younger
fan deposits but a partially dissected scarp remnant,
as steep as 18°, is visible at ils western end. |[The
scarp may have been artificially steepencd by
agricultural activity]. Above the scarp is an elevated
late-Pleistocene fan deposit (Qof). Two much
smaller scarps Lo the south are discontinuously
expressed on remnants of an older mid-Pleistocenc
fan deposit (Qdf), similar to the scarps to the
northwest, and have slope angles of 10° or less.
These scarps also are being buried by late-
Pleistocene fans (Qof). A short north-south fault
scarp scgment shown by Matti and Morton (1993),
adjacent to $Smith Creek, was not visible in a crudely
stratified boulder to cobble conglomerate ¢xposed
in an ¢rosion gully that cuts across its trend, This
mapped scarp segment may be an crosional channel
margit instead. There are no geomorphic or
outerop indications of faulting as shown by Blanck
(1987) along the southern margin of $cctions 36 and
31, nor along his fault's castward extent across the
Banning Bench. Thrust faulting appears to step to
thc southeast (to the southern margin of the
Banning Bench) along a conccaled northwest-
trending tear fault, as inferrcd by Matti and Morton
{1993; refer to Plate Ib), This inferred (car fault
has no exposure or youthful expression.

The uplift of the Banning Bench provides
dramatic cvidence of faulting along the San
Gorgonio Pass Fault Zone with slightly greater
uplift at the southern margin. Both the ground
elevation and the dissection of the southern margin
is indicative of this uplift, and rcmnants of now-
breached closed basins are cvident to the immediate
north. Older fan deposits on the Banning Bench
and in the town of Banning (Qof, estimated here to
be about 50,000 Lo 80,000 ycars old per John Matti,
personal communication, 1993) would appear to be
offset vertically on the order of 70-80m, based on
map interpretation. However, if there has been any
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recent displacement, at least along the weslern part
of this scarp, it has been obscured by subscquent
alluviation and no fresh features are visible in the
photos or in the field A recent cut slope in
Heights fanglomerate (Qdl) has exposcd a possible
shear or fault dipping 20° to 25° north. Less than
one milc to the east a faccted spur (23° slope angle)
and offset ridges and drainages (near the small
cemetery in the western part of Section 4) sugpest
that there may have been more recent displacement
along this morc casterly part of the southern margin
of the Banning Bench, The more extensive crosion
above this slope also suggusts greater uplift. A low
narrow bench at the eastern cdge of the Beaumont
quadrangle, disccrnible in the 1936 air photos (but
now obscured by development), may indicate a fanll
scarp -- & possible continnation of the scarp mapped
to the northeast by Morton and Matti (19934). This
latter scarp, as visible (oday, is rather broad (one 1o
two blocks wide) but nevertheless apparent in Qyf,.
The breadth of the featurc may be the result of
more than one fault trace and/or warping, similar
to the warping west of Millard Canyon, The scarp
is truncated by a late Holucene fan (Qyf, or Qyf.)
of the San Gorgonio River, but continues to the
east (se¢ next section), A more abrupt, east-west
trending scarp is visible in the field, about onc to
two blocks to the sonth, and is also truncated by the
younger fan,

None of the faults shown by Blanck (1987)
across the south frontal slope of the Banning Bench
ar¢ visible in the acrial photos. No attempt was
made to verify these faults in the field. Faults on
top of the Banning Bench, south of the Bunming
Fault, have been mapped by Blanck (1987; discussed
above) and by Rasmussen & Associates (1979a,b).
The faulls of Rasmusscn are very weakly expressed:
the northern faull by a possibly right-deflected ridge
to the cast (but no deflected drainages) and the
southern fault by a limited north-facing scarp at its
western end (within Qdf).

San Gergonio River to Millard Canyon - Plate 1lc
This segment of the fault zonc is very
similar to the segment to the west in that it has a
weak and discontinnously expressed western portion
which then steps southeast 1o a more prominent and
contimious thrust fault, Although the magnitude of
vertical displacement is much less here (duc 1o the
younger age of the offset surface), the ship ratc
appears lo be greater (see discussion, p.16), and
here there arc younger, clcarer scarps and good
evidence of Holocene displacement,  The faults
mapped by Morton and Matli (1993a) arc generally
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well expressed geomorphically, although some of the
concealed segments and connections arc open to
interpretation,

A probable fault scarp in Holocene fan
deposits (Qyf;) was observed northeast of the San
Gorgonio River. This scarp is the apparent
northwest continwation of the broader scarp
obscrved on the west side of the modern drainage
(described above). A large sand and gravel pit in
the younger Holocene deposits of the San Gorgonio
River revealed no obvious deformation or offset of
the coarse alluvial fan deposits (as viewed through
binoculars from the southwest side of the pit).
However, due to the coarse nature of the deposits
and local sloughing displacement of the crudely
stratificd fan deposits cannot be precluded. Other
subtler scarps are visible east of the mouth of
Hathaway Creck (Section 35). These back-facing
scarps may indicalc lateral spreading.

Approaching Potrero Creck, evidence of
active faulting within the $an Gorgonio Pass Fault
Zone swings soulheastward. Scveral discontinuous
southwest-facing  scarps  are visible on  early
Holocene fan remnants (Qyf, ;) of Potrero Creek.
Thesc 1 to 3 meter-high scarps have slope angles of
10° to 13°. Several of these scarps arc trregular and
dissected. Most are buricd by the mid-Holocene

Qyf.

Several east-west orienled scarps are also
visible on the Potrero Creek fan (east of the creek),
The highest of these scarps, up to Sm high and np
to 15° angle, is within Qyf, fan deposits and appears
to be buried by younger fans. A few smaller scarps
displace Qyf, and Qvf,. Other east-west scarp-like
features and lincaments interpreted from the aerial
photos appear 1o be involved with property lines
and ficld margins or else mark the possibly fault-
bounded margins of outliers that are now heing
buried by the alluvial fans,

The most continnous scarp is also the
youngesl -- it parallels the freeway and then swings
northeast across the Millard Canyon fan (Qyf,).
Aerial photo and on-the-ground mapping confirm
the location and configuration of the: fault essentially
as shown by Morlon and Matti (1993a). The scarp
angle is commonly 20° and locally steeper in cobbly
material.  The rounded crest of the scarp is
supportive of both warping and possibly multiple
displacement cvents. The northeast portion of this
scarp is the highest as well as the broadest. This
fault displaccs all but the youngest Holocene fans
(Qyfs) and the modern wash deposits.

p.i4

Millard Canyon to Stubbe Canyon - Plates Ilc and
i1d

Eastward from Millard Canyon the location
af the fault is suggested in general by the lobate
front of the hills, and locally in detail by several
discontinuous scarps. Just east of the modern wash
of Millard Canyon (west-central part of Section 4)
there appars to be a rcmnant of an east-west
trending scarp (in Qyf,) as mapped by Morton and
Matti (1993a). A narrow linear bar and channcl
adjacent Lo a faceted spur in the southcastern part
of Section 4 may be fault relalcd, although stream
erosion is a more likely explanation in this location.
Sieh (personal communication, 1993) suggests that
a locally irregular margin of a limited fan deposit
(Oyf,) immediately 1o the southeast (southwest
corner of Section 3) may reflect faulting. An
crosional explanation is also possible for this
featurc. If this is a fault it is not present in the
young Holocene fan (Qyls) of Lion Canyon.

Further east, east of Lion Canyon, a closed
dupression and breached basin (Sections 2 & 11)
suggesl landsliding, however the source for such a
landslide is not apparent. There appears Lo be less
landslide mass below the depressions than in the
adjacent areas. This suggests that the depressions
and corresponding "mass deficits" downhill reflect
pre-cxisting drainages rather than a landslide with
associated grabens., Geomorphically the terrain
here supports Sieh’s hypothesis of a backdlted
thrust {oc with some gravity-failure of the
oversteepened front.  The geology of the area
complicates this inlcrpretation, somewhat (sce
discussion on p.l6). Al the eastern cdge of this
lobe the Cabezon fanglomerate is tilted steeply to
moderately to the south (80° shallowing southward
to 407, with an intraformational unconformity
indicating that this tilling was going on during
Cabezon deposition. The dip suggests tilting in the
opposite dircction from that suggested by the
geomorphology. A possible scarp at up to 25° was
visible in the field along onc part of this front, with
a gentler bevcl abave (227) suggesting multiple
displacements.

The next lobe to the cast (Section 1) also
has some faceted slopes (27°) on three adjacent
spurs. Set out from the base of slope is a fairly
continuous scarp, very similar to the one mapped by
3ieh two lobes to the west. In (his instance,
however, the scarp appears to conlinue across a
small canyon fan in a manner that docs not look
like erosion (see Figure 5). A previously zoned
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Figure 5 (FER-235) - Detail of area southwest of Stubbe Canyon showing fault scarps in
Holocene alluvium. Qc is Cabezon conglomerate. Qyf; is mid-Holocene fan. Qfm is
modern alluvial fan. Note small offset fan (shaded) that is younger than Qyf;. [based on
aerial photo interpretation of Riverside Co. Flood Control photos from 12/19/58, frames 13 &
14; geology based on Morton and Matti (1993b)]
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northwest-irending fault along the spine of this lobe
is probably controlling a linear drainage, but has no
fresh looking characteristics. A northeast-trending
fault has also been mappcd across this lobe
following two aligned canyons that appear to be
fault-line featurcs, although discontinuous
northwest-facing scarps suggest a bhackthrust or
other thrust-rclated faulting is operating within the
upper block. A scarp across the fan of Stubbe
Canyon is aligned with this mapped fault. The
scarp in Stubbe Canyon faces southeast and is
within Holocene fan deposits, but has been cut or
overlain by very recent alluvium.

East of Stubbe Canvon - Plate 11d

Eastward from Stubbe Canyon the San
Gorgonio Pass Fault Zone may be expressed along
lwo zones: one along the base of the hills and one
which has stepped southward. The zone at the basc
of the hills continucs from the scarp in Stubbe
Canyon but is only intermittently expresscd, being
largely obscured by very young fan deposits (Qfm).
It is best cxpressed by a pair of parallel scarps in
the northwest corner of Section 5 (adjacent to a dirt
road) where a northeasl-trending ridge has shielded
the faull from being obscured by the youngest
alluvial deposits. Immediatcly to the east (at the
north edge of Scction 5), the break in slope at the
back cdge of a remnant of older fan deposits is not
as abrupl as other suspected fault breaks. As
discussed earlicr, trench data suggest that there is
no fault at the break in slope as mapped by others.
There are, however, other subtle scarp-like features
trending cast-southeast (north and south of the dirt
road shown in the northern part of Section 5) which
might suggest a projeclion ot stepover to the Garnet
Hill Fauit. Higher (anits in this zone are
indistinguishable from the faults of the Banning
Fault Zone and are discusscd under that hcading
(p-20).

South of the hills are two arcas of probable
thrust fanlting attributed to the San Gorgonio Pass
Fault Zone. One is in the western part of Section
5 where two scarp segments mark the faulted front
of a late-Pleistocenc fan (Oof, see Figure 6). This
fan would appear to have emanated from a now
landslide-dammed segment of Cottonwood Canyon,
and thus pre-dates the modern fan of this canyon.
A broad erosional trench along the axis of this old
fan must have been cut by the Cottonwood drainage
{(prior to the rcdirection of that drainage) in
response Lo uplift along the fault. A subtle scarp
across this insct trench, obscrved parallel to and
southeast of the road here, may be manmade bug
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fanlting is nevertheless suggested by a short scarp
visible in pre-grading photography. The erosional
trench s being filled again (since beheadment of its
drainage) by a younger and smaller fan deposit
(Ofm) that has a vegetational lineamcnt aligned
with the scarp. The second area of probable
faulting is indicated by a fault scarp, as mapped by
Smith (1979), that is still partly visible 1o the south
on the younger fan (Qyf;) of Cottonwood Canyon
(Section 8). 1 could confirm an approximately 1m
scarp with a slope angle of 8°-12°, The continuation
of this, or a related scarp is readily visible in older
fans to the east (Sections 9 & 10). The scarp visible
at the mouth of the Whitewater River and its
extension castward, south of Whitewater Hill, may
be related to this fault zone. This latter extension
(mapped as the inferred irace of the Garnet Hill
Fault) is obscured by erosion and landsliding,

Discussion and Conclusions
Calimesa to Cherry Valley -

The Cherry Valley Fault (western San
Gorgonio Pass Faull Zone) is weakly expressed
geomorphically and shows no cvidence of Holocene
activity. Two traces have been mapped but each
one has only been confirmed in separate areas - the
southern trace to the west of Interstate 10 and the
northern trace to the easl. Although there is some
supgestion of right-lateral deflections along the (race
of the fault southeast of Calimcsa, none of these
deflcctions are very convincing and ridges that
should be offset are not. The subtle scarps neur the
quadrangle boundary are only visible in Pleisiocenc
deposits and are not distinet cnough, without
corroborative evidence, Lo be indicative of Holocene
displacement,

Cheny Valley to San Gorgonio River -

The San Gorgonio Pass Fault Zone in
Cherry Valley through Highland Springs does not
appear o be active. The fault zone is only
expressed in remnants of older, Pleistocene fans.
The scarps are consistently obscured by Holocenc
[ans and have no obvious effect on modern
drainages. This relationship is supported by limited
subsurface investigations.

Faults and fault scarps at the southern
margin of the Banning Bench scparate Holocene
alluvial units from San Timoteo Formation in the
upliftcd Banning Bench and would appear (o be at
the western limit of active faulting. Uplift of late-
Pleistocene deposits (Qof) suggest a vertical slip-
rate ol 0.9-l.omm/yr. Secarps, facets and stream
offsets strongly suggest recency, The faults as
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Figure 6 (FER-235) - Detail of abandoned
Cottonwood Canyon fan showing sequence of
faulting and drainage diversion. [based on aerial
photo interpretation of USDA photos AXM-12K-
129 to -131]

Late-Pleistocene  Cottonwood Canyon
drains southwesterly from mountain front.

Faulting outboard of mountain front
causes incision of fan (Qof) by Cottonwood
Creek (Qyf?).

Landslides dam drainage and cause
diversion of Cottonwood Creek to present
alignment.  Faulting at mountain front has
elevated beheaded drainage and caused
additional incision of Cottonwood Canyon.
Young fan (Qfm) from beheaded drainage is
starting to fill trough in old fan. Outboard fault
has had some activity, displacing inset fan (Qyf?)
and is visible as a tonal lineament in modern fan
(Ofm). Banning Fault may have displaced
beheaded drainage right-laterally.
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shown by Blanck (1987) probably exist wilhin the
San Timoteo Formation but arc not evident as
Holocene features. Faults on the Banning Bench
surface do not display any evidence of recency. A
fault at the south margin of Section 32 was obscrved
to displace a dark-brown soil which the consuliant
felt might be Holocenc, however there is no clear
geomorphic expression of this fault on a surface
which appears rather stable and should better
preserve such fcatures,

San Gorgonio River to Millard Canyon -

This section of the fault zone is apparcnily
active based on several scarp segments in Holocene
alluvial fans. Fault expression is notable at and east
of Potrero Creek, This is roughly where the San
Andreas Fault sweeps soulhward into the Pass and
probably reflects the introduction of stress from that
fault zone. The larger displacement of Qyf, across
the Millard lan sugpests 1 vertical slip-rate of about
2.6-3.6mm/yr, whereas thc smaller (Im)
displacement of Qyf; yields 4 minimum skip rate of
only  0.3mm/yr. There arc three possible
explanations for this discrcpancy: a) the slip rate
has been less in the last 2,875 years than previously
(or conversely there was "a burst of tectonic activity
between 5,000 und 2,875 years ago (Sieh and Matti,
1992)), b) the last ¢vent occurred more recently
than the age of Qyf,, or ¢) we are nearing the end
of the recurrcnce interval for this faull and a
pending event will make up the slip-deficit. 11 1-
meter events are typical, then altcrnative ¢) is still
inadequate to make up the higher slip-rate based on
Qyf;. The truth may lic in a combination of all
three explanations,

Millard Canyon to Stubbe Canyon -

This segment of the fault zonc, althouph
ambiguous in delail, has ercated a lobate mountain
front and has clearly ponded Holoccne sediments
behind an uplifted thrust toe along the central lobe.
The fault trace at this lobe is obscured by slumping
of the oversteepened scarp, but is probably very
near the basc of the slope. South-dipping bedding
of the Cabezon fanglomeratc suggests that this area
was [olded above a blind thrust before the fault
finally broke up to the surface. Landsliding seems
to be a less likely interpretation for this landform,
bascd on the south-tilted strata and a lack of
corresponding landslide mass below the two
depressions. Faceted spurs and possible scarps in
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alluvium at the two flanking lobes suggest that there
may be two parallel faulls - one at the toe of the
slope and one 200-300 fcct out from the base of
slope. A north-northwest trending fault, west of
Stubbe Canyon (through Section 1), that was
mapped by Allen (1957) shows no indication of
Heolocene activity.

Stubbe Canvon to Whitewater River -

At Stubbe Canyon the fault is clearly active,
with a promincnt scarp across the Holocene [an.
Eastward the fault is not as clear, but appears to be
active along two fronts, At the base of the hills a
probable Holocene scarp is only seen in onc or (wo
remnants where faulling is in close proximity to the
Banning Fault. In facl, as far as nomcnclature is
concerned, Lhe faults herc seem inscparable.
Another zone of active thrust faulting has stepped
outward onto the distal portion of the Holocene fan
of Cottonwood Canyon and exiends eastward to the
Whilcwater River, and maybe bcyond.  The
intermediate northcast-trending faull in Section 5
would also appear lo be active il the photo-
interpreted fealures are real.

Summary -

The San Gorgonio Pass Fault Zone is a
zon¢ of Quaternary reverse, thrust and wrench
faults which extends from thc Whitewatlcr River to
Calimesa, and perhaps beyond. From the Bunning
Bench, eastward, there is evidence for Holocene
displacement, principally as scarps across Holocene
alluvial fans. The age of the fans is largely inferred,
but limited radiocarbon dating has confirmed
faulting within the past 3000 years in at least one
locality. The most active portion appears to be
between the San Andrcas Fault at Potrero Creek
and the Bunning and Garnct Hill faults cast of
Cottonwood Canyon. Referring to the casiern
portion of the fault zone, Smith (1979) suggested
that "most of the near-surface offset along this fault
is accommodatzd by bending of the poorly
consolidated alluvial strata, and that ruplurc extends
all the way to the surface during only somce cvents
and for only parl of the fault tracc." The portion of
this fault zone west of the Banning Bench shows no
indication of Holocene activily. Matti and othcrs
(1992,p.24) stated, however, that “futurc ground
ruptures throughout the entire exient of the ... zons
cannot be ruled oul".
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BANNING FAULT ZONE

Previgus Work - (Plates 1 a,b,e & d)

The Banning Fault can be inferred for over
100km, from the Indio Hills to the San Jacinto
Fault. The clements of the Banning Fault in the
castern part of the San Gorgonio Pass were first
identified by Vaughan (1922). The name "Banning
Fault” was introduccd by Hill (1928). Work hy
Allen (1957} and more reeently by Matti and others
(1992) has clarificd cur understanding of the fault
zone as we know it today. During latc Cenozoic
time the Banning Fault was principally a right-
lateral fault which had as much as 16 to 25km of
displaccment, but it has since responded mainly to
and been obscured by compressional tectonics in the
Pass while continuing as a strike-slip faull only to
the cast.

Matti and others (1992) divided the
Banning Fault into three parts: the western, central
and eastern segments. It is principally the central,
or San Gorgonio Pass segment, which is addressed
in this evaluation. Along most of its length this
fault dips steeply north, placing crystalline rocks on
the north against late Cenozoic sedimentary rocks
on the south, This segment "largely is obscured by
Ouaternary sedimentary deposits, and has been
modified by Quaternary reverse, thrust, and wrench
fawlts of the San Gorgonio Pass fault zone" (Matti
and others, 1992, p.19). Between Cherry Valley and
Cottonwood Canyon this segment was mapped by
Matti and Morton (1982) as consisting of two
parallel (races (Strand A and B), and so shoukl
perhaps be referred to as a fault zone. The more
northerly of these traces (Strand B} is believed by
Malti (personal communication, 1993} to be an
early trace of the San (Gorgonio Pass Fault Zone.
Portions of Strand A as well show compressional
influences and only a fow short segments of the
strike-slip Banning Fault arc still evident. Although
much of Strand A and B may be kinematically
associated with the San Gorgonio Pass Fault Zonc
they are discussed in this section because of their
geographic and historic association with the Banning
Faull. The eastern segment of the Banning Fault,
which extends east from the Whitewater River out
of the study area, has displaced Quatcroary gravels
of the Whitcwater River 2-3km right-latcrally. AR
of the (races of this fault zone from Millard Canyon
eastward arc currently included in an Alguist-Priolo
Earthquake Fault Zonc (CDMG, 1974 & 1980).
The current zoncs are based largely on Allen
(1957). Allen’s fault traces are not plotted direetly

p.19

on Plates Ic and Id but are represented as replotted
on the modern base by CDMG (1974 & 1980).

Calimesa to Cherry Valley - Plates Ia and Ib

The westernmost portion of the Banning
Fault exposed within the study area is in the
northeastern part of the El Casco quadrangle and
the northwestern part of the Beaumont quadrangle.
The fault in this area consists of onc prominent
high-angle irace which separates Pleistocene San
Timoteo Formation (or "gray fanglomerate™) on (he
south from granitic rock to the north (Dibblec,
1981a; Matti and others, 1992). Displacement is
indicated as sirike-slip by Matti and others (1992).
The westernmost cxposure of the fault was at the
boundary between Ranges 1 and 2 West, A study
in this area by Schaefer Dixon Associatcs (1990)
investigated the fault and found no evidence of the
faull where it had been previously mapped
[evidently based on Shuler, 1953]. A subsequent
study by Rasmussen & Associales (1990) found an
approximately 65°N-dipping fault ‘about 800° south
of where it had heen previously mapped (but
essentially where mapped by Matti and Morton,
1974-91). Rasmusscn judged the fault at this
locality to be inactive because it appearcd to be
buried by Pleistocene alluvium and it had no
geomorphic expression. The Banning Fault has
been inferred to the west in various locations, based
on groundwater (e.g. Bloyd, 1971) and on gravity
data (Willingham, 1981) but is not exposed in this
direction.

A recent study Lo the east (Seclion 20), by
Woodward-Clyde Consultants (1993), has found
evidence [or Holocene displacement west of Cherry
Vallcy, They found scveral near-vertical fractures
that penetrate what appesr o be Holocenc deposits
above the bedrock trace of the Banning Faull
(Rockwell, 1993). Although (hc mapnitude of
displaccment was nol determined (here was
evidence, from striae and mullion in the pouge vone,
of lateral movement. Right-lateral drainage offscts
were also observed.  Eastward through Cherry
Valley the fault is concealed and is inferred based
on groundwater data.

Woodward-Clyde (1993) also looked at an
easl-west trending fault that had becn mapped by
Shuler (1953) south of the Banning faull. They
termed this Fault the upper Singlcton Canyon Fault.
It is apparently based on the linearity of the canyon
and no evidence for it was found in the studies by
Woodward-Clyde [based on enhanced roadcut
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exposurcs, trenches, mapping and refraction seismic
surveys).

Wildwood Canyon splay of the Banning fault - Plate
b

A fault coming in to the study arca from
the northwest joins the Banning Fault at Highland
Springs (Malti and Morton, 1993). Littlc is known
about this unnamed fault in the northern Cherry
Valicy area (Beaumont 7% quadrangle) and the
upper drainage area of Wildwood Canyon (Forest
Falls 7% quadrangle). It was shown by Dibblee
(1957-58) along with a shorter subparallcl fault
along a canyon lo the west. [A later map by
Dibblee (1981b) shows only the morc continuous
fault.] The fault apparently trends into the map
area from the northwest where Matti and others
(1992) indicate the fault is characterized by a
northeast-facing  scarp in  late-Pleistoeene  to
Holocene alluvial fan deposits. Within the study
area the scarp in mid-Pleistocene fans (Qdf) faces
notthcast and then southwest as it crosses Little San
Gorgonio Creek. East of Noble Creek the fauli is
mapped along the basc of the hills where it
becomes concealed by late-Pleistocene (Qof) and
Holocene (Qyf;) fan deposits. It may have
contributed to the Highland Springs scarp.

A trenching study by Medall et al (1979)
investigated the main fanlt just north of the study
area (across the San Bernardino County ling) and
found that it did not displace late-Pleistocene
alluvium estimated to be about 100,000 years old.
Rasmussen & Associates (1988a) inferred that the
short fault to the southwest was similarly pre-
Holocene.

Cherry Valley to Millard Canyon - Plates Ib and Ic

The Banning Fault is again prominent east
from Highland Springs. From this point eastward
lo Cottonwood Creek the fault vone commonly
consists of al least twa distinct traccs. Matti and
Morton (1982) referred 1o these as Strands A and
B. The southern trace only (Strand A) was initially
shown by Allen (1957) as far east as Millard
Canyon. Later mapping by Dibblee (1981b), Blanck
(1987) and Matti and othcrs (1985 & 1992)
identified additional faull traces associated with the
Banning Fault in the vicinity of the Banning Bench.
Where Strand A passes under the Banning Bench it
dous not displace the Quaternary Heights
fanglomerate, according to Allen (1957), although
Blanck (1987) portrays the lault as cutting this unit.
Matti and others (1992) show this strand conccaled
by a mid-Pleistocene unit, (Qdf).
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Strand B is probably an carly strand of the
San Gorgonio Pass Faull Zone (which has since
shifted its locus of activity southward)(John Magti,
personal communication, 1993). It has a distinet
south-facing scarp across the Bannming Bench
(offsetting Qdf and Qof). The Highland Springs
scarp is about five times the height of the scarp on
the Banning Bench and is probably a composite
searp, constructed by movement first on Strand B
and later by movement on the $an Gorgonio Pass
Fault vone. A much more subtle northwest-
trending vone of northcast-facing en echelon scarps
appears 10 cross the buried southern (race (A) but
may be offsct by the northern trace (B) as mapped
by Matti and Morlon (1993). Blanck (1987)
interpreted the Banning Fault to be cut off at depth
by the San Gorgonio Pass Faull in the Beaumont
quadrangle but he felt this was not so further to the
cast,

East of the San Gorgonio River, Sirands A
and B have been mapped parallel to cach other with
a lopographic trough between, Strand A juxtaposes
Plioccne Hathaway Formation on the south with
crystalling basement rocks on the north. Strand B
(ancestral San Gorgonio Pass Fault) is mapped by
Morton and Matti (1993a) as a thrust fault within
the basement rocks and appears to overlap the
southern trace as these faulls approach Potrero
Creck.

A single trace (probably the younger thrust)
15 mapped east of Potrero Creck to Millard Canyon
where it merges with or truncates fauits trending
into it from the northwest (the San Andreas Fault
and the Gandy Ranch Fault). Sich and Matti
(1992) deseribe a south-facing scarp in mid- to late-
Holocene alluvium (Qyf,, aboul 3,600 years old) at
Millard Canyon. The right-lateral component of
displacement is roughly 5m with about 3m of
reverse  displacement  (K.Sieh, personal
communication, 1993),

Mitlard Canyon o Cottonwood Canyon - Plates Ic
ard Id

The fault is mapped on the cast side of
Millard Canyon as a north-dipping thrust or reverse
fault with a component of lateral displacement {(of
Heights fanglomerate) that is about three times the
vertical (data cited by $ich and Malti, 1992 from
unpublished work in preparation). As many as four
overlapping and sinuous thrust or reverse fanlts arc
mapped  eastward from  Millard Canyon (o
Cottonwood Creek (Allen, 1957; Dibblce, 1981b,¢;
Malti and others, 1992). In the western part of the
White Waler quadrangle these fanlts again delimit
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a promincnt east-west trough with map relationships
suggesting that the more northerly traces have
overridden the southern . traces east of Stubbe
Canyon, although these relationships are far from
clear, This complex zone of thrust faults seems to
demonstrale a strong overprint on a pre-cxisting
Banning Fault by early e¢lcments of the San
Gorgonio Pass Fault Zone.

From Stubbc Canyon to Cottonwood
Canyon the fault zone lics near, and partly defines,
the mountain front. The lowermost thrust fault is
discussed as part of the San Gorgonio Pass Fault
Zome (see p.11, p.16, p.18). Large landslides partly
obscure the faulting. Rasmussen and Reeder (1986)
interpret some of the low-angle thrusts of Matti and
others (1992) to be landslide related and imply that
a higher-angle fault (about 60° or greater) is buried
in this vicinity. They duscribed a trench exposure
immediatcly west of Coltonwood Canyon which
showed a nearly horizontal slip surface that they
attribute to landsliding. The trench log (from
Rasmussen &  Associales, 1984b) shows very
fractured metamorphic rock thrust over silly-sand.
They believe that the Banning Fault either merges
with or is (runcated by the San Andrcas Fault at
Cottonwood Canyon. Another trench to the south
by Rasmussen & Associates (1984b), across a
prominent break in slope, found no evidence of
faulting in the crudely layercd silty-sand with gravel
of an older alluvial fan remnant (Qof).

Cottonwood Canyon to Painted Hill - Plate Id

In contrast to the low-angle to flat-lying
faults mapped west of Cottonwood Canyon, the
Banning Fault to the cast is a fairly lincar strike-slip
{ault which dips north al 35° to 65° (Allen, 1957
Matti and other, 1992; Morton and others, 1937,
Rasmussen and Reeder, 1986). [This is considercd
the San Andreas Fault by Rasmusscn and Reeder
(1986)]. Matti and others (1985 & 1992) suggest
that Whitewatcr River gravels (estimated (o be at
least 500 to 750 ka by Sieh and Matti, 1992) have
been displaced 2-3km  right-laterally along the
Banning Fault to their present position on the hill
west of Whilc Water (Whitewater benchmark). A
simple single (race dips 40° to the north in the
Whitewaler River canyon and a promincnt
groundwater barrier atlests to its effect on the
Holocene alluvium. Clark (1984) mapped several
short, discontinuous, but parallel leatures at the
castern margin of the White Water quadrangle
which may indicate reeent movement along the fault
zone. The [ault continues castward, beyond the
limits of this study, where Holocenc displacement
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has been previously documented (Kahle and others,
1987). Soil and Testing Engineers (1986) found
drainage channcls offset right-laterally (pre-historic)
as much as 200 feet in their study just east of the
quadrangle boundary.

As a result of the 1986 North Palm Springs
earthquake some minor cracking occurred along the
fault within the study area, north of Alta Mesa
{Whitewatcr Hill of Allen, 1957) and also south of
Painted Hill; cumulative right-lateral displacement
of up to 7.2cm occurred further east (Kuhle and
othcrs, 1987). Sharp and others (1986), in contrast,
argued that there was negligible lateral displacement
and referred (0 the surfacc cracks as ‘"trace
fracturing”.

Aerial Photo Interpretation and Field Observation -

(Flates 11 ab,c & d)
Calimesa to Cherry Valley - Plates ITa and 11b

There is no surface indication of (he
Banning Fault to the west of Calimesa, The fault is
well expressed to the cast by coliffs, crosional
dilferences and lincar dratnages for about two milcs
along the boundary between basement rocks and
San Timolco Formation, bui is not evident at the
surface wherc overlain by late-Pleistocene and
Holoccne fan deposits:. Geomorphic expression has
been largely assumed,to be fault-line topography
resuliing from the contrasting strength of the two
bedrock units. There is one 3/4-mile stretch of
fault, however, wherc more youthlyl features
appear. Numerous right-laterally  defllected
drainages and ridges accompany two closely parallcl
fanlt traces with 4 possibly downdropped block
hetween,  This zone appears to be at a right-step
between (wo strands of the fault. This well-
expressed part of the fault vone is in the El Casco
quadrangle. A short distance to the east, in the
Beaumont quadrangle, the fault’s proximity is
indicated by near vertical dips in the $an Timoteo
Formation and & general break in the topography,
but within another '~-mile the fault is entirely
obscured by late-Pleistocenc fan deposits.

The Singleton Canyon Fault, in the El
Casco quadrangle, was ficld checked wherg it was
mapped by Shuler (1953) immediately west of
Singleton Road. Grading (probably flor a pipeline)
exposcd a buttress unconformity within the San
Timotco Formation, but no indication of faulting,
A distinct tonal/vegetational contrast near the east
end of the lincament has no Lopographic exprossion
and is probably related to bedding in the San
Timoteo Formation,
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Wildwood Canyon splay of the Banning fauit - Plate
I

Al the northern margin of the quadranple
this fault splay, and its shorter companion to the
southwest, are defined by a series of aligned
canyons, saddles and slope breaks, but the shorter
trace has no cxpression across the Pleistocene fan of
Little San Gorgonio Creck, The main trace,
however, is identified by a northeast-facing scarp
west of the creek and a southwest-facing scarp to
the ¢ast. Only the northeast-facing scarp looks
sharp, probably reflecting crosional enhanccment.
The remainder of the scarp is obscured wherever it
is crossed by Holocene deposits. A stecp-appearing
scarp northwest of Highland Springs is probably
modified by artificial fill over the top of the siope.

Cherry Valley to Millard Canyon - Plates IIb and Hc

The Banning Fault has no cxpression across
Cherry Valley, but becomes apparent cast of
Highland Springs. Strand A of Matti and Morton
(1982) has no geomorphic expression until east of
San Gorgonio River, bul Strand B has a prominent
15" scarp across the late-Pleistocene surface (Qdf &
Qof) of the Banning Bench, The scarp angle may
have been accentuated by the road at the base of
the slope and levcling of the ficld at the top of the
slope, Strand B also may also have contributed to
the height of the Highland Springs scarp, but it has
no obvious effeet on the intcrvening dissccted
crystalline basement lerrain. A sct of en echeion
northwest-trending scarps is very subdued across the
Pleistocene surface of the Banning Bench and is
probably older than Strand B. Sirands A and B
cross the divide between San Gorgonio River and
Mias Canyon with subdued, crosionally modified
slope breaks,

Easiward from Mias Canyon, almost to
Potrero Creek, both traces of the Banning Fault
have prominent topographic expression where they
mark the northern and southcrn margins of an east-
west trough, Hathaway Creek, which crosses this
structure and may be an anlceedent drainage, shows
no lateral offset.  Strand A is marked by a few
north-facing scarps, but in peneral it is not clearly
expressed cxcept as (he southern (rough margin,
Based on outcrop paticrn, this southern trace
appears to be a high anglc reverse faull. Strand B
appears younger, based on its sharper topographic
expression and its apparent overlap of Strand A, V-
mile west of Potrero Creek. This northern strand
5 marked by an eroded escarpment and several
hanging valleys. Although Strand B has strong
topographic expression, this may be in part due to
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thc greater strength of the granitic and
metamorphic rocks to the north relative to morc
highly shearcd rocks in (hc trough arca. This
apparent escarpment may be older than it appears.
This is suggested by the fact that the nickpoint of
several of the drainages crossing this break have
had time to migrate upstream, eroding their way in
lairly competent crystalline rock. The strength of
the rock is indicated by the remaining slopcs
between the cross-culling drainages. There are no
nickpoints evident at the Fault trace location.

Just west of Potrero Creek, where Strand B
overlaps A and defincs the southern margin of the
hills, a hillside bench was observed. This bench
appears to consist of an elevated remmant of
colluvial or fan deposits, and the outcrop pattern in
the aerial photos suggests a low-angle thrust (as
mapped by Morlon and Maiti, 1993a) within the
scarp and perhaps a higher-angle fault at the base
of the slope. There has been no age estimate made
of these depasits, but the scarp looks sharper and
stecper than any other features 1o the west along
the Banning Fault. Onc part of this slope is beveled
with a lower scarp steeper than 30° and an upper
scarp at about 20° (angles cstimated from ground
pholographs) suggesting at least two displacement
cvents along this trace. Neither Strand A or B is
cxposed or expressed topographically aeross the
Potrero Creek drainage. A fault across Potrero
Creek is suggesied, however, by a stand of (rees
upstrcam of the faulls projection,

East of Potrero Creek the Banning Fault
(Strand B?) is marked by a lobate linc of
oversicepened  slopes, a  pattern  suggesting
relatively low-angle thrust fault. It is joined by the
Gandy Ranch Fault and/or San Andreas Fault just
before the combined fault zone creates a marked
scarp across the upper portion of the Millard
Canyon fan. The scarp crosses Holocene fan
surfaces of two diffcrent apes (Qyfy and Qyf,), with
a scarp angle of up to 25°, The scarp on the older
fan is higher than on the younger fan, indicating at
least two Holocene events, The scarp on the
younger fan is nol as sharp which may suggest that
the (an was relatively unconsolidated when it was
displaced.  The faull is also indicated at Millard
Canyon by springs and lush vegetation at and
upstream of the fault. A greater proportion of
bouiders (relative to smaller clasts) in the modcrn
stream at this point indicates a highcr energy stream
segment which may also indicate recent activity.

Although the first impression is thal Strand
B overlaps A west of Potrero Creek, small outliers
in Sections 36 and 31, and a larger outlier in the $E
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quarter of Section 31 and the NE quarler of Scction
6, suggest remnants of a buried trough which may
be offset from the trough to the west (rather than
being overlapped by Strand B). This interpretation
would be in accord with Allen’s (1957) ariginal
mapping which showed a northwest-trending fault
offsetting the Banning Fault. There is no other
indication of this inferred cross-cutting fault. The
inferred offset Strand A is buricd by Holocene fans
and has no expression across the Millard Canyon
fan,

Millard Canyon to Cotfonwood Canyon - Plates He
and 114

The Banning Fault Zone is not obvious in
detail for about three to four miles eastward from
Millard Canyon. The general location and recent
aclivily of Strand B arc suggesicd by a rone of
oversteepened and eroding slopes, the northern
limit of which is indicated on Flates ¢ and IId by
a broken line labeled "general change in crosion”
{Sections 33-36, T25, R2E). Althongh the trongh
between Strands A and B is only suggested by a
subtle bench between Millard Canyon and Lion
Canyon, it becomes more pronounced eastward to
Stubbe Canyon. Antecedent drainages may have
been offset from Stubbe Canyon but show no sign
of Holocene displacement. A large (greater than 50
acres) depression north of the Banning Fault Zone,
in Section 26, is similar 1o other topographic
depressions north of thrust faults in the Pass and
suggests that the northern thrust traces (Strand B ?)
have caused backtilting of the leading edge of the
upper plate. Ponding of groundwater behind the
fault zome 13 evidenl, based on  anomalous
vepgetation, in Deep Canyon and at Stubbe Canyon,
but there are no obvious scarps across any of the
canyons between Millard Canyon and Stubbe
Canyon.

Immediately cast of Stubbe Canyon Strand
B has apparently created a subtle backfacing scarp
(in the Holocene (7) alluvium) that passes
southcastward inle a higher backfacing bedrock
scarp. A component of nght-lateral ship s
suggested by two offset drainages to the east, and
this component may also be responsible for the
backfacing bedrock scarp at Stubbe Canyon.
Further cast, 10 Cottonwood Canyon, the Banning
Fault Zone iz obscured by landsliding, except where
visible in the bedrock exposures southwest of
Cottonwood Canyon,  Discontinyous scarps at the
base of the slope, in the northwest eorner of Section
5, arc discusscd as parl of the San Gorgonio Pass
Fault Zome (p.11, p.16, p.18).
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Cottonwood Canvon to Painted Hill - Plate Ild

From Cottonwood Canyon to Painted Hill
the Banning Fauolt Zone is faitly apparent. A spring
at Cottonwood Canyon (indicated by trees) marks
one  hiph-anple trace of the fault which is
additionally defined to the cast by aligned lincar
drainages amd ridge and drainage offscts.
Oversteepened slopes o the north mark the
location of a lower-angle thrust fault which joins the
high-angle faull in Scclion 33, Drainages which
ctoss this thrust are incising upstream and
depositing alluvium downstream of the fault, From
this point eastward a single fault is marked in
general by a linsar unnamed canyon, and in detail
by numerous linear benches and scarp-like featurcs.
The [aull is obvious at the Whitewater River where
groundwater ponded behind the fault has (od a lush
growth of vegetation. East of the Whitewater River
a small closed depression was observed in the aerial
photos and on the ground, but a field visit also
disclosed abundant windblown sand, suppesting that
this feature may be aeolian.

Discussion and Conclusions -

Calimesa to Cherry Valley -

There is evidence, both geomorphic and
geologic, that a short portion of the Banning Faull,
northwest of Cherry Valley, has had Holocene
lateral displacement. T is difficult to find any
alternale explanation for these features, considering
the horizontal striae reported along the near-surface
tractures. Indications of recent displacement die
out rapidly both eastward and westward. There is
no sign of the fault in the Cherry Valley area, but it
may have stepped left to the Wildwood Canvon
splay.

Wildwood Canyon splay of the Banning faull -

This fault splay, tentatively identified with
the Banning Faull Zone, shows no indication of
Holocene displacement. Scarps are evident only
within pre-Holocene deposits. This fault may have
contributed 1o the height of the Highland Springs
SCATpy

Cherry Valley to Millard Canyon -

Within this stretch of the faull zone, cast of
Cherry Valley, there are several fraces, recording
various stages of activity. The ancestral Banoing
fault has been reaclivatcd during the carly
Qualernary, Strand A does not alfeat the mid-
Pleistocene surface of the Banning Bench and
therefore is unlikely o have contributed to the
Highland Springs scarp since the scarp is younger
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than the Banning Bench. The faull activity has
shifted south in the late Quatcrnary as the San
Gorgonio Pass Fault Zone has developed, but there
is evidence that some activity lingered, particularly
along Strand B. Strand B crosses the Bamning
Bench but has no expression in the adjacent eroded
crystalling basement rocks. This eroded land is a
younger landform than the Banning Bench surface
and 1 would expect the fault to have some
remaining expression in the hard crystalline rock if
the fault had moved in the Holocene. Banning
strand B contributed some height to the Highland
Springs scarp. The northwest-trending en echelon
zone across the Banning Bench may have been part
of an early more broadly left-stepping lault zone
(along with the Wildwood Canyon splay) which died
out as Strand B developed.

Geomorphic cxpression, although not very
sharp within the Beaumont quadrangle, becomes
fresher looking as the fault zone steps south and
approachcs Potrero Creek on the Cabazon
quadrangle. This is roughly where the San Andreas
Fault would appear to be shunting strain into the
various faults of the Pass. Strand A shows no
indication of Holocene displaccment and is largely
modificd by erosion or buricd by Holocene fan
sediments. Strand B is largely a fault-line feature,
but looks a littic younger where it approaches, and
is perhaps influenced by, the Sam Gorgonio Pass
Fault Zone, adjacent 1o Potrero Creek. The
Holocene scarp at Millard Canyon would appear,
bascd on style of faulting (vertical component of
displacement), to be related to the Banning Strand
B rather than thc San Andreas or Gandy Ranch
faults, although all of these faults are certainly
related,

Millard Canyon to Cottonwood Canyon -

In this segment of the fault zone it appears
that the more northerly strands (Strand B?) have
been the most recently active.  The sense of
displacement 1 somewhat ambiguous in that right-
latcral strike-slip appears to predominate at Millard
Canyon, yet Deep Canyon and Stubbe Canyon show
no sense of lateral offsct. Clearly, vertical offset
must be more important here. The Strand B fanlts
mark both a distinct change in elevation and a zone
where the slopes at this chanpe appear 1o be
oversleepened and  actively croding or  sliding.
These slope processes suggest localized uplift.
Although the fault here is not well-located
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geomorphically, it has been located on the ground
by previous mapping. I has been suggested thal
some of the mapped faulls may actually be the toes
of landslides, but I belicve that most of the [catures
shown are fault related, Strand A, where it can be
differentiated, is generally a fault-line [cature which
is commonly eroded or buricd by younper alluvium,

Cottonwood Canyon 1o Fainted Hill -

The easternmost scgment of Strand B, as #
north-dipping thrust faull, is reasonably well-dcflined
and appears to affect modern alluvium in several
small drainages. The high-anple strike-slip [ault
which trends east from Cottonwood Canyon is well-
defined and is Holocene based on its geomorphic
expression as well as historic surface rupture within
and cast of the study arca.

Summary -

In the San Gorgonio Puss the Banning
Fault Zone is mostly an older strike-slip siructure
which has been reactivated in response to local
compression, As the Banning Fault exits the Pass
to the east it is the main expression of the strike-
slip San Andreas Fault Zone. The zone includes
the older high-anple Banning Fault (Strand A) and
a younger thrust faull ($trand B). Strand B is the
more active of the iwo, and may actually be an early
part of the $San Gorgonio Pass Fault Zone which is
only spatially associated with the Banning Fault.
The faull zone is most active from the vicinity of
Potrero Creck (where the San Andreas Fault feeds
into the system) and castward into the Coachella
Valley. Strain partilioning has probably distributed
most of the lateral strain in the Pass along the
gastern portion of the Banning Fault (east of
Cottonwood Canyon) and then northwest along a
deeply buried San Andreas Fault. A minor amount
of lateral sirain is expresscd in the northwest
striking tear faults of the San Gorgonio Pass Fault
Zome. Some compression is taken up along Strand
B of the Banning Fault as well as the thrust faults
of the San Gorgonio Pass Fanlt Zone. Banning
Strand A is now largcly inactive but might be
expected to respond with minor ground rupture
where il is influenced by thc more recently aclive
faults 10 its north and south. One anomalous
segment with apparent Holocene displacement is
west of Cherry Valley where geologic evidence
indicates reeency.
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SAN ANDREAS FAULT (San Bernarding strand)

Previous Work - (Plates Ic & Id)

The San Bernardino strand of the San
Andreas Fault has been mapped by various workers
within this study area. Vaughan (1922) mapped the
San Andrcas Fault as a through-going structure,
entcring the study area through Burro Flats
(Cabazon quadrangle), running along the West
Branch of Millard Canyon, and coinciding roughly
with what is now mapped as the Banning Fault from
Lion Canyon eastward. The southeastern portion of
Vaughan's San Andreas Fault east of Lion Canyon,
is discussed as the Banming Fault (p.20).
Rasmussen and Reeder (1986) support the general
concept of a through-going San Andreas Fault, but
project il a little north of Vaughan's laull. Their
trend (not shown on Plates Ic & [d) would take the
fault through the West Branch of Millard Canyon,
along a fault mapped by Morlon and Matti (1993a)
in Section 28, and along the south margin of u
promingnt  closed depression at the boundary
between the Cabazon and While Water quadrangles
(Gary Rasmussen, personal communication, 1993).
Rasmussen and Reeder (1986) believe that the San
Andreas Fault is obscured throngh this trend by
large-scale landsliding. Their tracc mcets and
truncates the Banning Fault (coming from the west)
at Cottonwood Canyon, Recent seismologic
evidence (Jones, 1993) suggests that therc may be
such a throughgoing structure at depth (see p.7),
but at the surface this is not evident. A fault trace
shown by Dibblee (1981c) through Section 31, west
of Cottonwood Canyon (Platc 1d) is not shown by
others but corresponds 1o the head area of several
landslides mapped by Morton and Matti (1993b).

The clearest surface trace of the San
Andreas Faull in the study area is that extending
southeastward through Burro Flals toward the
mouth of Potrero Creck, This fault trace, along the
southwesiern margin of Burro Flats, has also been
mapped by Allen (1957), Hope (1969), Dibblee
(1981b), and Matti and others (1992}, but with
varying extent (see Plate Ic). None of these, except
Dibblee (1981b), portraycd continvity from Burro
Flats to the mouth of Potrero Creek. The lault
mapping i3 based principally on geomorphic
expression. Dibblee (1981b) shows three traces of
the San Andreas Fault in (his area: a sonthwestern
trace along the southwest side of the canyon of
Potrero Creck, a ceniral trace which is mainly on
the northeast side of the canyon, and a northeastern
trace which partly follows Vaughan's trace through
the Wesl Branch of Millard Canyon but then
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sweeps south beneath the alluvium of Millard
Canyon. Allen mapped patts of each of these traces
but did not show the inferred continvity as did
Dibblee, Hope mapped only the southwestern
trace. Matti and others show only the southwestern
trace, but also map a discontinuous, possibly related
fault further to the northeast. What would appear
to be a southern extension of the San Andreas (on
line with Dibblee’s tracce) 1s shown by Morton and
Matti (1993a) northeast of the mouth of Potrero
Creek. This fault is defined by a scarp across the
older (but still Holocene) Potrero Creek alluvium
(Qyf,?) and trends southeastward, parallel to and
merging with the caslern ¢nd of the Gandy Ranch
Fault.

Two easterly-lrending north-facing scarps
have been mapped in the Burro Flats area that arc
related to the San Andrecas Fault (Allen, 1957,
Hope, 1969; Matti and others, 1992; Morton and
Malli, 1993a). The more southerly of these is a
prominent proundwater barricr and was included by
Dibblee (1981b) as part of his eastern strand of the
San Andreas Fault.

An Earlhquake Fanlt Zone (CDMG, 1974)
was cslablished along the San Andreas Fault traces
of Allen (1957) and Hope (1969) as well as one of
the related east-trending faults at Burro Flats that
is a prominenl groundwater barrier. (See Plaie Ile
for the present zonc boundaries).

Aerial Photo Interpretation and Field Obscrvation -
(Plaie lc)

The clearcst lrace of the San Andreas
Fault, within this study area, is that which trends
sontheast along the southwest margin of Burro
Flats. This trace is ¢vident both on the ground and
in aerial pholos as a groundwater barricr and as a
long, linear northeast-facing scarp. A prominen(
north-facing scarp and ponded water and alluvium
mark an east-trending splay at the southern margin
of Burro Flals, and its eastward extent is suggested
by a lincar drainage that bounds a low ridge to its
south. A more subtle north-facing scarp, shown by
Morton and Matti (1993a) is also visible in the field,
to the north, This second scarp is more sinuous
and is locally breached by very young slopewash.
This appears to be an arca of very active deposition.
The main fault conlinues southeast along the west
margin of thc canyon of Potrero Creck.  This
corresponds to Dibblec’s (1981b) southwest trace,
It is initjally indicated by a scarp or stcep linear
hillslope and linear drainages but becomes more
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obscure southward. A small side-valley or basin to
the west (in the southeast corner of Section 23)
appears to be tectomically dammed. A very low
narrow alluvial ridge, which can be seen on the
topographic map between the side valley and the
main valley is probably fault produced. This ridge
is more apparent in the acrial photos where the east
side of the ridge 15 scen to be defined by several
minor drainages which each run along the fault for
short distances. Southeast of this ridge the San
Andreas Fault has probably controlled the linear
margin of the canyon. The fault crosses the canyon
along a subtle scarp which includes a vague
lincation of trecs (morc apparent on the ground
than in aerial photos). This seems to be the same
scarp observed by Morton and Matti (1993a), It is
within a broader warp which is probably due to the
combined effects of the San Andreas Faull and the
Gandy Ranch Fault. The lault is more clearly
defined to the southeast of Potrero Creek where it
has faceted at least two small slopes and then is
intermittently expressed by additional faceted slopes
and, approaching Millard Canyon, by right-offsc
ridges and drainages.

Dibblee’s (1981b) middle fault trace has no
cxpression along the cast side of the Potrero Creck
canyon except for, possibly, a small buried bedrock
outlier. However, the alluvial surfaces are very
young (Qfm and Qvl:). A lincar canyon marks the
middle trace as it approaches Millard Canyon, but
there are no indications of Holocene activity.

Dibblee’s northeast trace is marked by
some very general topographic features, including
lincar slopes and canyons. This fault, and its
projection  southeast, is basically the trace of
Vaughan (1922) as well. Features, such as the West
Branch of Millard Canyon, may have developed
along an old zone of weakness, but show no
indications of recent fault actvity. In fact the
deflection of Corral Canyon, to the northwest, is
left-luteral, Wlmost surcly indicating thal this inferred
fault is not involved with modern right-lateral
displaccment along the San Andreas Fault.

Twuo parallel faulls mapped to the northeast
by Morton and Matti (1993a) may also be aligned
with the inferred San Andreas Fault trace of
Rasmussen and Reeder (1986). The fault segment
between Millard and Wood canyons is very weakly
deflined by some aligned drainages and topographic
saddles and a general elevation change. It may also
control the head scarp of a landslide. Southeast of
Millard Canyon, the scecond laplt segment is also
marked by alipned drainages and saddles, as well as
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a drop in the general landscape elevation. This
alignmenl also includes one right-defllected drainage,
however this deflection is not consistently reflected
in adjacent canyons or ridges. The most intrigning
feature, and the most youthful looking, is a pair of
vegetation lineaments across Lthe Holocene alluvium
of Millard Canyon at the north edge of Seetion 29.
This pair of lineaments lie close to the projected
connection of the two mapped lault scgments. To
the southeast the through-going fault of Rasmussen
and Reeder (1986) is suggested further by a dark
tonal band (particularly visible in the various high-
altitude photography listed on p41) thal lincs up
with the Banning Fault east of Cottonwood Canyon.
This tonal band corresponds partly with a bench on
lop of a landslide and also possibly to darker
shadows related to the aspect of local slopes.

Disenssion and Conclusions -

The San Andreas Fault is the major strike-
slip fauli dominating the lectonics of southern
California in general, and of the San Gorgonio Pass
in particular. The San Bernardino strand of the San
Andreas Fault is clearly active as it approaches the
sludy arca from the mnorth and, based on
topography, is a well-defined, Holocene-active fault
in the Burro Flats and upper Potrero Creek arca.
Two aclive splays, possibly reverse faulls, are
evident trending eastward across Burro Flats, It has
been suggested by various geologists that the surface
displaccment dics owt as the San Andreas Fault
approaches the Pass, with the slip transforred to
olher faults or continuing along a deeply buricd San
Andreas structure, Subtle geomorphic evidence, as
well as the more obvious offsets approaching
Millard Canyon suggest that the surface trace of the
San Andreas Fault does continue south along
the Gandy Ranch Fault and then merges with or is
truncalcd by (he Banming Faull (Strand B). The
various other strands of the San Andreas Fault
mapped to the northeast have no indications of
Holocene  activity or  are  poorly  defined.
Inconsistent streamn and ridge offeets supgest that
these are fault-line features. The large closcd
depression in the southem part of Section 26 s
probably related to the Banning Strand B rather
than the San Andreas Fault, as suggestcd by
Rasmussen  (personal  communication,  1993).
Scismic data provides good evidence that there
probably is also a siraighter, through-going structure
at depth which may tie in with the Coachella Valley
segment of the Banning Faull.
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GANDY RANCH FAULT

Previous Work - (Plates I b & ¢)

The Gandy Ranch Faull was mapped and
named by Allen (1954) based on topographic
expression and, near its juncture with the Banning
Fault, warping of Quaternary age Heights
fanglomerate. Allen also attributed a groundwater
barrier and scarp ncar the mouth of Potrero Creck
to this fault (cited by Hope, 1969). Allen notcs that
at the western end of the faull it does not displace
the Heights langlomerate. An alluvial ynit mapped
by Dibblee (1981b) in the cast branch of Hathaway
Creek appcars ta be offset right-laterally about 500
feet. Morton and Matti (1993a) have mapped some
additional detail alomg this fault as it crosscs
Potrero Creek and merges 10 the east with the San
Andreas Fault. This includes mapping the scarp of
Allen across young allwvium (QyE;? and Qwlg?).
The fault is concealed by Qfm. An Alquist-Priolo
Earthquake Fault Zonc has been previously
establishcd around this fault on the Cabazon
quadrangle (CDMG, 1974; see Plate I for
present. zon: boundary).

Aerial Photo Inlcrpretation and Field Observation -
{Platcs 11 b & ¢}

Throughout much of its length the fault is
marked by the alignment of Bnear canyons and
saddles. The fault-line expression on the Beaumont
quadrangle lacks any indication of Holocene
displacement. The fault’s most youthfu! cxpression
is cast of Potrero Creek (where the [ault is marked
by truncated and offset ridges) and in the vicinity of
Hathaway Creek. The east fork of Hathaway Creck
is constriclcd and the canyon allwvium (Qyfy?) is
uplifted and right-laterally olfsct north of the fault.
The alluvium upstream of the faolt appears to be
Holocene bascd on the lack of color development in
the soil. A small spring, just north of the mapped
fault marks anothcr possible splay.  Right-offsel
ridges occur to the west and cast of Hathaway
Creek, and to the east of the cast fork of Hathaway
Creek. However, the modemn drainages within the

canyons do not appear lo be offser.  Additional
evidence of faulting includes numerous subtle
featurcs Lo the east (see Plate IIc) although the
fault is largely obscurcd until Potrero Creek
Although there is clearly a broad warp at the mouth
of Potrero Creek, there is ho apparent scarp on line
with this fault. A vague, southcast trending
southern limit to the trees on the broad scarp may
indicate a groundwaler barrier. A possible scarp
along this trend, observed in the field, may
correspond to the more southerly scarp of Morton
and Maiti (1993a) but it appears to be quite likely
the result of lateral ¢rosion of the creek. T could
not confirm, cither in photos or in the ficld, the
scarp as shown by them. The slightly more
prominent scarp just torthe north is probably due to
the San Andreas Fault. The more youthful-looking
fault scgment east of Potrero Creck may also be
more a product of the San Andreas Fault than the
Gandy Ranch Fault.

Discugsion and Conclusions -

The Gandy Ranch Faunlt appears Lo be
principally an older but still slightly active strike-slip
fault associated with the San Andreas Fanlt Zone.
At Hathaway Creck it has pood evidence of
Holocene displacement.  Although the modern
streams do not show offset, the apparcnily
Holocene alluvium is clearly uplifted and offset
laterally. The lack of offset of the younger, incised
strcams suggests that the last movement on this
fault was perhaps mid-Holocene. The fault does
not appear lo be as active to the west, based on
Allen’s (1957) observations and the fault’s general
lack of youthful cxpression on the Beaumont
quadrangle. Youthful expression at Potrero Creek
and eastward may be just as likely duc Lo movement
on the San Andreas fault, if that fault extends this
far south. [ is likely that the broad scurp at
Potrero Creek is attributable o the combincd
effects of the Gandy Ranch and the San Andreas
Fault.
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GARNET HILL FAULT AND RELATED FAULTS OON ALTA MESA

Previous Work - (Plate Id)

The Garnet Hill Fault is a right-lateral
(ault that has been mapped along the southern
margin of Alta Mesa, a prominent dissected mcsa
(that contains the "Whitewatcr" benchmark) west of
the Whitewalcr River and south of the Banning
Fault. Tt was mapped here by Allen (1957) and
Hope (1969) with a left-stepping pattern as shown
on Plate 1d. fIn some of the literature (Allcn, 1954
& 1957) this mesa has been called Whitewater Hill,
a name which is now formally used for a different
hill about twe miles to the southcast.] The fault is
inferred along the southern margin of Whitewater
Hill (at the quadrangle boundary). The faull was
named by Proctor (1968) who discussed the fanl
(mostly inferred) as it continues cast of this study
area. Some additional details of fault pattern have
come out of more recent mapping by Morton and
Matti (1993b) and Rich Wolf (unpublished mapping
in progress, CalTech, September 1993). Morton
and others (1987) labeled the thrust fault to the
southwest as the Garnet Hill Fault, however
becavse of its similarity in fault style to the San
Gorgonio Pass Fault Zone (und priority in naming
by Smith, 1979) it is here considercd to be part of
that fault zone (see p12). 1 am restricling the
Garnet Hill Fault to the strike-slip fault along the
southwest side of Alta Mesa. This fault is included
within an Alquist-Priole Earthquake Fault Zone
(CDMG, 1980).

Two trenches across a fairly well-defined
portion of the western segment of the fault, in the
NE corner of Seclion 9, found evidence for a lack of
recent displacement (Rasmussen & Associates,
1984a,b). The trenches exposed massive Cabezon
fanglomcrate with minor fracruring but no apparent
displacement, In one trench the back-facing scarp
was mantled with a possible paleosol, Rasmussen
observed that the only fault expression consisted of
modificd scarps in (he Quaternary Cabezon
fanglomerate, with no cxpression in younger fan
deposits. Another trench in the White Water arca
failed to find faulting, but was probably south of the
fault (Bucna Engineers, Inc,, 1987). Smith (1979)
identified a south-facing scarp along the eastern
fault scgment near White Water but noted that
there was no evidence of Holocene displacement
further to the cast. The scarp is across what Sich
and Matti (1992) identify as Holocene aliuvium.

Minor surface fracturing, possibly indicative
of reversc or thrust faulting, occurred along the
fault segment near Whitewater Canyon as a result

of the 1986 North Palm Springs earthquake (Kahle
and others, 1987). Compressional cracks were
observed along the south margin of a 10em wide
crack zon¢ along the crest of the pre-existing scarp
(E.Hart, pcrsonal communication, 1994).
Compressional fracturcs were also observed near
the base of the scarp (Sharp and others, 1986).
Morton and others (1989) considered the limited
rupture 1o be "alocalized surficial response” that did
not extend decper than 100m. Sharp and others
(1986} considercd the rupture at White Water to be
strictly a shaking phcnomenon. Sieh and Matti
(1992) comment that the aftershock pattern of the
North Pualm Springs earthquake appears to project
upward toward the Garnet Hill Fauli,

Several northerly-trending faults and scarp-
like features have been mapped across Alta Mesa.
Some of these faults (from Allen, 1957) arc
ineluded in the existing Alquist-Priolo Earthquake
Fault Zones (CDMG, 1980; see Plalc IIId for
present zone boundary). Similar, but slightly more
extensive faults and scarps were shown by Matti and
others (1992; see Figure 3, herein), Morton and
Matti (1993b) and Wolf (unpublished mapping in
progress, CalTech, Scptember 1993; scc Plate Id).
The [catures fall into threc sets: a western scl
along the west side of Section 3, a central set in the
middle of the section, and an eastern set in the cast
part of the section.

The western and central {eatures may veer
southeastward into the Garnet Hill Fault (as shown
by Matti and others, 1992 and by Wolf; Plate Id).
Several of these woere investigated by Leighton and
Associales (1983) who identificd greater exient 1o
some of the previcusly mapped siructures and
additional favlts outside the Earthquake Fault Zone,
They found no cvidence to prove or preclude
Holocene movement.  The trench logs show
moderately to stecply-dipping shears (allitudes are
shown on Plate Id) with apparent normal
separations of as much as 5 feel or more (displacing
Cabezin_ fanglomerate and overlying well-developed
soil). The consultant interpreted predominantly
strike-slip displacements although they did not
explain their evidence or reasoming for this
conclusion. [Perhaps they were using an assumed
strike-slip model for the faults], The observed
shears displace reddish alluvial or terrace deposits
and in some cascs may affect the thickness of the
uppermost logged soil  Sich and Matti (1992)
estimate that the fanglomerate iz older than
500,000-750,000 years old, bascd on a comparison of
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the degree of soil development with the work of
McFadden (1982). Morton and Matti (1993b) show
most of the scarps to be associated with landsliding,
although the landsliding may be obscuring faulting
as inlcrpreted by Matti and others (1992).

Acerial Photo Interpretation and Ficld Observation -
(Flate 1Id)

The scarp ncar White Water is evident in
the 1953 USDA acrial photos and is similar to
thrust faull scarps elsewhere in this arca. A short
mapped northwest extension into the hill is very
weakly defined by a few subtle discontinuous
benches. To the cast the fault is suggested by the
abrupt southern margin of Whitewater Hill,
however this slope iz modified by crosion and
landsliding.

The en echelon sirand to the west is nol as
well defincd as the alluvial scarp near While Water,
It is also differentiated by topographic features that
are more indicative of strikc-slip than along the
scarp at White Water.  These features are
discontinuously expressed in the Cabezon
fanglomerale but are not visible in the younger,
perhaps modern, fans of Cottonwood Creek and
other smaller canyons. A brief ficld reconnaissance
along the Garnet Hill Fault could not confirm the
fault in himitcd cxposures of coarse conglomerale,
bul did confirm the more obvious Lopographic
features. Several secondary shears trending N10°W
were observed in the Cabezon conglomerate near
the mapped fault crossing of the Colorado River
Aqueduct.

Numerous scarp-hke features are visible
across Alta Mesa in the aerial photography, These
features may be due to crosion, faulting, landsliding,
ridgetop sprcading or a combination of thesc
proccsses. The freshest-looking features, which are
probably Holocene in age, arc more cleatly
gravitational in nature. Many of these features
coincide with moderate to steeply dipping shcars
identified during trenching (Leighton and
Associates, 1983). Most of the longer mapped
lincaments are discontinuous and how they may
connect is a matter of interpretation, No field
observations were made, for this review, of the
various struclurcs across Alta Mesa.

The western set (at the western edge of
Section 3) includes a distinet north-south graben
across the drainage divide. The fault mapped on
the east side of this grabcn may extend southward
along two trends - one on the west side of the ridge
and one crossing the ridge. Along the west side of
the ridge arc two small sidehill benches that may be
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landstidc remnants. They align with two linear
drainages to the south that may have eroded along
an old landslide margin or fault zone. If the faull
crosses the ridge it also changes the dircetion it
faces. It may be that the scarp on the east of the
ridge is paired with a more subducd west-facing
scarp further east to form another graben. Either
of these trends may be enhanced by ridgetop
spreading or landsliding and it is difficult 1o tell if
faults arc responsible for the modern landform.
The southeasterly extension of this zone (after Matti
and others, 1992, and Wolf, unpublishcd mapping in
progress, 1993) has no capression across highly
eroded and youthful terrain.

The central scarp set, trending southeast
form the NW¥ of Section 3, may be largely a result
of landsliding and crosion. Two of the elevation
breaks, trending southeasterly from the hill crest
labeled "Whitewater", appear lo be back-facing
scarps within a landslide graben, These two surface
features were not found to have corresponding
shears in trench exposures, but minor shears might
not be as evident in the coarse sediments exposed
in the trenches. A prominent west-facing scarp that
conlinues southward may be an erosional scarp
adjacent ta a now larpely-eroded inset fan formed
during uplift of the mesa.  Two southeasterly
extensions of this set (south of the agueduct tunnel)
have limited and discontinuous expression. One of
these aligns partially with probable landslides. I( a
[ault is present its expression appears to be entirely
erosional. The other main scarp in this group faces
west and appears to be part of a massive failure
complex surrounding the canyon that drains south
from the benchmark. This is supported by the
concave-south scarps and graben at the north end of
this set. oL

The castern scarp set appears Lo b entirely
associated with landsliding and ridgetop spreading.

Discussion and Conclugions -

The Garnet Hill Fault is apparently a
strike-slip faull relaled to the Coachella Valley
segment of the Banning Fault. The only active
(Holocene) portion of the Garnet Hill Fault within
this study area is the short alluvial scarp near While
Water which may have had minor surface rupture
associated with the 198 North Palm Springs
carthquake. Seismicity from this cvent also suggests
that this fault may be active at depth (see p.7). The
remainder of the Garnct Hill Fault to the northwest
did not show cvidence of historic displaccment nor
of Holocene displacement in trench exposures. It
appears to be a result ol strike-slip displacemcnt
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rather than reverse or thrust displacement, and it is
not continuous with the active segment 10 the cast,
near White Water. It may be that this western
scgment of the Garnet Hill Fault has been offset by
the San Gorgonio Pass Fault. Based on stylc and
strenglh of expression, it might be reasonable to
connect the more clearly active structure at White
Water (and easlward) with the San Gorgonio Pass
Fault that is similarly expressed about 1km to the
wesl,

The map pattern of faults across Alta
Mesa, us shown by Matti and othcrs (1992) sugpests
casterly dipping reverse faulls and an east-west
compressive environment. In contrast, the westerly
set of faults on Alta Mesa appear (based on acrial
photo interpretation) to be cxtensional graben-
forming featurcs, perhaps related to rotation of this
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block between the right-lateral Garnet Hill and
Banning faults. The featurcs on Alla Mesa also
include more typical arcuate landslides and longer
linear scarps and grabens which have resulled from
or becn accentuated by ridgetop spreading. In any
case, the structures across Alta Mesa may include
some faults, bul are almost certainly dominated by
downslopc movement resulting from  seismic
shaking. Where faults have been mapped by others
the geomorphic expression on the old surface is nat
as sharp as the obviously young featurcs that are
more clearly associated with ridgetop spreading and
landsliding.  Subsurface data penerally supports
landsliding. I conclude that although therc are
young ground displacements these arc probably
related to seismic shaking. There is no evidence
that the inferred faults across Alta Mesa are active.

PEEEEEE P EETE T I E N L AL LR LSRR L SRS R L L

(blank)
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BEAUMONT PLAIN FAULTS

Previous Work - (Plates 1 a & b)

This group of at least four north-northwest
trending normal faults was first identificd by Matti
and others (1985). The faults (as mapped by Matti
and Morton, 1974-91 and 1993; see Plaics Ia & Ib)
are characlerized by mainly northeast-facing scarps
in older alluvium (Qdf), although there are a few
shortcr west-facing searps. The mapping of Matti
and Morton (197491 and 1993) portrays the faults
as not displacing units as old as Qof. Qof is
juxtaposed with Qdf along the fault scarp in a
buttress unconformity (J.Matti, personal
communication, 1993).

Two of the faults (in Sections 32 and 33)
have been investigated by trenching and were
interpreted to be pre-Holocene based on scarp-
depradation (less than 10° for the more easterly
fault und less than 5° for the more westerly fault)
and the degree of soil development on the youngest
fault-related  clastic  wedge (Rasmussen &
Associates, 1988b).

The Mclnnes Fault and rclated faults are
probably part of this fault zone and are discussed on
p-33.

Aerial Photo Interpretalion and Field Observation -
(Plates 11 a & )

The most prominent faull of this set is the
northeasternmast fault, which runs through the town
of Beaumont. North of Beaumont the fault is
expressed  discontinuously but  has  relatively
unbroken cxpression from Beaumont south. The
sharpest scarp along this fault is the west side of a
small graben, north of Beaumont ($W Section 34).
However, this 10° east-facing scarp is steeper than
that on the east side and is probably erosionaily
enhanced. At both the graben and to the south,
drainages crossing the fawll become more deeply
incised downstream of the faull. In northern
Beaumont the [ault forms the northeast side of a
low ridge rising out of the gencrally southwest
sloping alluvial plain. Further south the fault scarp
is up to 2m high with a maximum slope angle of 7.
The scarp was not visible again until south of
Beaumont where the lault coincides, in part, with
the two traces of the Mclnnes Fanll. An obvions
but irregular base of stope marks the faull contact
as it anglcs between the (wo traces of the Mclnnes
Fault (Scetion 14). As the fault enters the granitic
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bedrock along the southwest trace a shear zone is
cvident in  seattered  cxposures. Fanlt-linc
topography is evident, and at the southern margin of
the map two northeast-facing scarps mark the
location of two fault splays across older ailuvium.

To the west, bisecting Section 33, is a short
2-mile long set of scarps in Pleistocenc fan deposils
(Qdf), north of Beaumont. This fault has no
expression in younger alluvial units (Ofm and Qw).

The sceond-longest fault is yet further west
(see Section 32 to the west and Section 9 to the
south) and has refatively subducd and discontimuous
expression.  South of Beaumont it may conncet to
a notthwest-trending linear ridge in Section 15 or to
a possible fault to the southwest marked by lincar
drainages and discontinuous scarps in Sections 16
and 22,

The fourth, and western-most fault mapped
in this set is visibic as two or three wesl-lacing
scarps which cross Highway 60 in Sections 5,6, & &.
The castern scarp (previously unmapped) has a
slope angle of less than 5° and the next scarp west
has a maxmum anglc of abowt .  The
westernmost mapped scarp is very weakly defined
by eroded and subducd scarp remnants. To the
southcast featurcs are discontinuous and are
interpreted slightly differently than mapped. Linear
topographic features and a vegetational lincament
mark the possible projection of this fault set along
the west side of MU, Davis. Along the east side of
Mt. Davis therc is an arcuale west-facing scarp part-
way around the mountain. The main trace (7)
conlinues southcast, marked by eroded remnants of
a scarp in the old granitic terrain, The general
impression of the faull in the granitic (errain is that
its expression is controlled by joints or an old shear
rone rather (han being fault-produced topography.
A morc prominent, but previously unmapped,
alignment of lincar drainages and saddles cxtends
sontheast from Section 7 (south of Highway 6()
through Sections 17 and 21 (o Highway 79. This
latter lineament shows inconsistent  stream
deflections and is also likely to be strictly erosional.

An additiona) strong lineament consisting of
aligned linear drainages lies west of and paurallel to
the previously described fault. No faull has been
mapped here, but the erosion has probably been
controlied by a zone of joints or shears, There are
no geomorphic indicators of recency.
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Discussion and Conclusions -

The Beaumont Plain Fault Zone is a
northwest-trending extensional zone of faults. Tt is
characterized by several normal faults that are
irregularly expressed as scarps in mid-Pleistocenc
and older surfaces. Two of the four principal
strands have been investigated and determined to be
pre-Holocene. The longest and besl-cxpressed of
the fault strands is probably the same faull as the
McInnes Fanlt to the sontheast, a fault which is also
not believed to have had Holoeene activity. Therc
is no evidence to date to indicate that any of these
fanits are still active.

***lﬁ*lﬁ******#HhIhlll!il******l\l*******ﬁl****$$=k$********

{blank)

p.32
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MCINNES FAULT AND RELATED FAULTS OF BLOYD (1971)

Previous Work - (Plate Tb)

This fault was previously evaluated by
Smith (1978) and not zoned, but more reccnt work
calls for some re-evaluation of the fault and ils
relation (o the Beaumont Plain faults of Matti and
othcrs (1992). As noted by Smith (1978) the name
"McInncs Fault” has been applied to two somewhat
parallel fault strands. Both of thesc strands (but
only one named) arc shown by Bloyd (1971)
although he does not discuss the cvidence for these
faults. A site specific investigation by Stephens
(1978) found evidence for faulting in the viginity of,
but not direcily on, the northeastern of these (wo
faults south of the town of Beaumont. Hc dug
several trenches across the structure, as defimed by
resistivity surveys, and found cvidence of a north-
northwest trending faull zone. Stephens described
open fractures along one of the faults that he felt
indicated Holocene activity. Smith (1978) judged
that the open fractures described by Stephens may
be of non-tectonic origin since he could not see any
geomorphic evidence (o suggest recent displacement
along cither of the faults as mapped.

Rasmussen & Associates (1985 & 1989b)
mapped several fault strands which are associated
with the southwestetn trace through Scction 23.
They found that the various strands identified did
not cut late-Pleistocene alluvium. They concluded
that the peomorphic expression included “highly
modified fault scarps, lincar drainages and tonal
lineaments consistent with older, inactive faulting”
and they judged these [ault traces 1o be not active.
Blanck (1987) observed that the bedrock appeared
to be downdropped to the southwest of the
southwestern trace, More recent work by Matti and
others (1985 & 1992) has dcfined the Beaumont
Plain Fault Zone. One strand of this zone coincides
in part with a part of each of the previously
identified strands of the McInnes Fault. The only
geomorphic expression 10 the Mclmes faults is
wherc they coincide with the Beaumont Plain Fault
strand of Matti and others (1992). The aclivity and

expression of this zon¢ is therclore addressed under
the heading of the Beaumont Plain faults (p.31).

Aetial Photo Interpretation and Ficld Observalion -
(Plate 1lb}

Geomorphic expression coincides, in parl,
with the northeasteromost strand of the Beaumont
Plain Fault Zone and is further discussed on p3l.
The remaining portion of the portheastern (race
roughly defines a steeper mountain front which may
be controlled by a fault or merely a lithologic
contact, but has no indication of recency. The
southwestern trace likewise has [fair expression
within the bedrock terrain where it coincides with
the northeast strand of the Beaumont Plain Fault
Zone, and to the south where there is a short back-
facing scarp in Quaternary alluvium, The remaining
(northwestern and southeaslern) portions of the
Meclnnes Fault of Bloyd (southweslern trace) has
little notable cxpression where it has becn
previously mapped.  There is no discernible
geomorphic expression to the fault identificd by
Stephbens (1978), although he observed a very subtle
tonal change in the soil which is also visible in the
aerial photographs.

Discussion and Conclusions -

The McInnes Fault, as previously mapped,
does not have any clear evidence of Holocene
faulling. Bascd on its similar orientation and
affinities to (he Beaumont Plain faults it, too, is
probably an older exicnsional fault zone. Most
likely the two previously mapped sirands of the
Mclanes Fault are merely extrapolated from well-
defined scgments of the Beaumont Plain Fault Zone
(see discussion on p31). Data prescnted by
Stephens (1978), although suggestive of an aclive
fauit, docs not belong to a well-defined feature.
The observed fractures arc probably part of the
broader zone of deformation associated with the
Beaumont Plain Fault Zone.
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"MILLARD CANYON GUARD STATION FAULT"

Previous Work - (Platc Ic)

Allen (1957, p.336) inferred a fault cutting
across Millard Canyon near the Millard Canyon
Guard Station (Section 21) based on springs which
he fell "must be caused by faulting”. He observed
that "the break is pot discerpible far east and wost
of the canyon bottom". Allen’s mapping was
apparently the basis for one of the original
Earthquake Fault Zoncs established in 1974
(CDMG, 1974). Although Allen (1957) shows this
unnamed (ault across Quaternary alluvium, it has
not been shown by other geologists (for example:
Dibblee, 1981b or Mani and others, 1992). The
informal nume "Millard Canyon Guard Station
Fault" is introduced only for the purposes of
referencc within this report,

Acrial Photo Interpreiation and Field Obscrvation -
(Plate ifc)

Other than a general northwest orientation
o the lower part of the East Branch of Millard

Canyon, a short side canyon and a few topographic
saddles there is no geomorphic expression to this
inferred fault. Wo indications of lale-Ouaternary
displacement are evident in air photos or in the
ficld.

Diggussion ynd Conclusions -

Based on fault orientation, this is probably
an older strike-slip fault. Apparently the only basis
for this fanlt is the prescnce of springs. This
evidence hasg no bearing on recency of displacement.
A comparison of the mapped fault location
(CDMG, 1974) with the location of the springs
shown on the wpographic map shows a poor
correspondence. If there is a fanit here it is poorly
defincd and has no evidence for late-OQuaternary
activity.

EEELLEEEEEELE LI EESE S L EEELETE L YL L EEEES L]

COX RANCH FAULT

Previons Work - (Plate Td)
This fault was mapped and named by Allen

(1954) based on peomorphic evidence and a
discontinuity in the foliation of melamorphic roeks.
Allen noted that total displacemeni was probably
nol great and that there was no evidence of
Holocene displacement.

Aerial Photo Interpretation and Field Ohservation -
(Plate IId)

The Cox Ranch Faull is defined by a serics
of aligned canyons and saddles. The topographic
expression appears to be entirely crosional.

No [eld observations were made,

Discussion and Conclusions -

The topographic cxpression of the Cox
Ranch Fault appears to be entircly a fault-line
expression with no cvidence of late-Quaternary
displacement. Based on orientation, it was probably
a strike-slip fault reluated to the San Andreas Fault
Zone,
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WHITEWATER FAULT

Previous Work - (Plate Id)

The Whitewatcr Fault was first mapped by
Allen (1954). He described it as "a relatively minor
but continuous fault jwhich] separates crystalline
rocks, Coachella fanglomerate, and Qualcrnary
gravels along the cast wall of lower Whitewater
Canyon” (Allen, 1954, p.128). Allen (1957} shows
the fault concealed bencath Cabezon fanglomcrate
and it is comcealed by recent alluvium where it
crosscs the Whitewater River, Displaccment on this
steeply to moderately east-dipping fault is relatively
up on the east.

p.35

Aerial Pholo Interpretation and Figld Observation -
(Plate 11d)

The Whitewater Fault is well-expressed by
aligned drainages and saddles, however this
expression is principally fault-line geomorphology.
There is no expression of the fault within the
Holocenc alluvium,

No field observations were madc,

Discussion and Conclugions -
There is no indication of Holocenc activity
along the Whitcwater Fault.

#*W**&‘************:k********rﬁﬂl**********#**

SOUTH PASS FAULT

Previgus Work -

A flapkt was postulated by Allen (1954 &
1957) scparating the San Jacinto Mountain block
from the low-lying pass area. He noted that such a
boundary had been proposed by earlier workers as
well,  Willingham (1981) found that gravity data
supported Allen’s fault hypothesis. Blanck (1987)
applied the name "South Pass Fault' to this
structure. This postulated faull would be cntirely
concealed and may lie along the southern margin of
the Pass, but is not depicted on the Plates in this
reporl.

Acrial Photo Inlerpretation and Field Qbservation -

The great dilferences in relief between the
San Jacinto Mountains and the San Gorgonio Pass
strongly suggest that uplift of the mountains hus
occurred along a fault boundary, However, the very
itregular front with numerous spurs extending oul
into the Pass suggests that much time has passed
since this front was active and erosion has causcd
somewhat irregular retreat of the mountain [ront.
There arc no features indicative of Holocene
displacement.

No field observations were made.

Discussion and Conclusions -

Although this inferred fault probably does
exist at depth, there is no indication that it is an
active fault.
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LAWRENCE FAULT, McMULLEN FAULT, RANGER STATION FAULT AND OTHER RELATED

STRUCTURES

Previous Work - (Plates Ib & )

Thesc northeast and northwest-trending
faults, in the San Jacinto Mountain block at the
southern edge of the study area, were shown by
Bloyd (1971). The Lawrencc Fault was previously
shown by Allen (1957) and also later by Matti and
Morton (1993) and Morton and Matti (1993a).
Morton and Matti show the Ffault concealed
wherever il intersects alluvium, so it is only inferred
to displace crystalling basement rock. Bloyd states
that many of these faults were mapped and named
by the Metropolitan Water District. He does not
show any of these faults affccting the water-bearing
alluvial deposits.  Blanck (1987) extends the
McMullen Fault northwesl across the pass to
coincide with the western margin of the Banming
Bench, bascd on a groundwater barrier. There is
nothing in the published literature pertaining to
recency or sensc of displaccment on these faults.
Bloyd (1971) inferred one additional unnamed fault
extending northwesterly bencath Cabazon and the
northeastern part of Banning, This concealed [ault
is inferred beneath the alluvial deposits of the Pass
as a groundwater barricr. Tt is not mapped into the
basement terrain.

Aerial Pholo Interpretalion and Ficld Qbservalion -
(Plates T b & ¢)

The northeast-trending Lawrence Fault is
well cxpressed in a gross scnse by a series of
aligned lingar canyons, saddles, and a prominent
slope break along the north slope of the San Jacinto
Mounlains, but the fault trace generally lacks
youthful expression excepl in some bedrock arcas
where differcntial erosion has probably enhanced
the fauit’s sharpness. It is intermittently defined, at
a finer scale, by side-hill benches and scarps.
Differential crosion could be responsible for these
features. Neither of these fcatures neccssarily
indicatc recency. Vegetational lineaments along the
fault may be duc to greater moisture reicntion and
root penetration in a crush or gouge zone. It is
covered in at least one stretch by a landslide.,

The northwest-trending McMullen Fault is
mainly suggested by aligned drainages and saddles.
It is well expressed as a pair of faults trending along
the northeast and southwest margins of McMullen
Flat. The pair of faulis are morc widely scparated

al McMullen Flat and step closer Logether across a
northeast trending structure (suggesting vertical
offset by the crosscutting fault). Their outcrop
pattern  suggests a  steeply northcast-dipping
structure. The faull becomes less well delined
notth of the Lawrcnce faull. The inferred northern
extension of this fault, as identified by Blanck
(1987), is suggested by the oricntation of
Montgomery Creek and the western margin of the
Banning Bench where the fault would coincide with
one of the northwest-lrending tear faults of the San
Gorgonio Pass Fault Zone,

The Ranger $tation Faull and other paraliel
struclures may actually be joint controlled rather
than fault controlled. The Ranger Station Fault is
defined by lincar drainages and a prominent
adjacent linear ridge, whereas the other parallel
faulls to the northeast are easier to see in the
contours of the topographic map than in the aerial
photos.  These features show no evidence of
Holocene displacement.

The unnamed, concealed fault between
Cabazon and Banning has no geomorphic
expression in the alluvial deposits or along ils
projection into the bascment terraim.

No field observations were made along any
of thesc faults.

Discussion and Conclusions -

Cross-cutting rclationships suggest that the
northeast-trending structures may be younger than
the northwest-trending structures. Although thesc
faults show abundant indications of their prescnee,
most of Ihese features (aligned drainages and
saddles) are probably fault-ling features. There is
no evidenee currently available to suggest that any
of these faults are aclive. Between the general
resistance of the granitic rocks of the San Jacinto
Mountains and the jointing and old shear zones,
prominent lincaments are likely Lo develop and
remain strong long after any tectonic displaccment
has occurred. The inferred, unnamed fault of Bloyd
{1971) between Cabazon and Banning is probably
nol a real fault. If it were young cnough to create
a groundwater barrier in the Quaternary alluvial
deposits it should be visible in the adjacent bedrock
terrain.
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MISCELLANEOUS FAULTS PARALLEL TO SAN TIMOTEO CANYON

Previpus Work - (Plate Ia)

Several west-northwest trending faults have
been mapped within the northern hall of the El
Casco ¢uadrangle by Shuler (1953) and by Bloyd
(1971). The faults mapped by Bloyd (1971) were
indicated as hypothetical faults bascd on water-level,
gravity and/or magnetic data. No surface cvidence
was presented. Two faults were mapped by Shuler
(1953), a short northeast dipping fault southwest of
San Timoteo Canyon and a stceper, longer fault
northeast of the Canyon. The short [ault was one
of scveral that Shuler indicated could not be
followed for any great distance. The latter fault,
which Shulcr traced through saddles for nearly two
miles, was confirmed as (o its existence by
subscquent trenching (Dames & Moore, 1987).
This fault, which Dames & Moorc call the
Shadybrook Ranch Fault, was expressed in their
Trench 1 as a ¥-foot wide zone of fracturing with
an attitnde of N65°W, 42°N, The fault displaced
only Pleistocene San Timoteo Formation and was
overlain by young soil. Damcs & Moare (1987)
investigaied other air photo lineaments and
concluded (hat they did not represent active faults,
although their trench logs left some doubl about at
least one of the ineaments immediatcly northeast of
San Timoteo Canyon Road. Their log of Trench T-
7 (T7 on Plate 1a) suggests faulting of both young
soil and older colluvium as well as a possible scarp
al the ground surface. They stated, however, in
their report thal there was no faulting at this
location and only identified carbonate-coated
fractures.

Aerial Photo Intcrpretation and Field Obscryation -
(Plate TIa)

The longer [ault of Shuler (1953) (the
$hadybrook Ranch Fault) is marked by some
penerally aligned drainages and, along ils eastern
half, it coincides partly with a subtle step in the
remains of an old dissccted surface. Shuler's
shorter fault is not apparent in the lopography and
shows no signs of rceency. Only one of the faults
hypothesized by Bloyd (1971) has any expression
(aside from the general trend of San Timoteo
Canyon). A [ault inforred near the northeast side
of the canyon coincides with a distinct linear
vegetational contrast at the mouth of one of the
main side canyons. Further to the southeast, north
and south of Highway 60, the inferred fault falls
roughly across the end of several spur ridges and
with possibly aligned saddles or notches.

Discussion and Conclusions -

The various faults discassed in this section
are for the most part very poorly defincd. Only one
of the faulls has been corroborated.  They are
known or inferred only within the Pleistocene San
Timoteo Formation. None of these [aults display
any evidence of Holocene displacement.
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NEOTECTONIC SUMMARY

The San (orgonmio Pass is a region of
complex faulting responding principally to the San
Andreas Fault system as it accommodates the
southern "Big Bend". The principal active strike-slip
faulls are the right-lateral San Andreas Fault (San
Bernardino strand) coming into the Pass from the
north and the right-lateral Banning Fault (south
branch of the San Andrcas Fault) entering the pass
from the cast. The San Andreas is well-defined by
scarps in Holocene and late-Pleistocenc alluvium
where it enters the Pass but becomes obscure within
the Pass area itself. The San Andreas Fault may be
continyous at depth with the Banning Fault
although at the surface this relationship is not
evident. This postulated connection sweeps through
an othcrwise prominent left-step in the surface trace
of the faull system. This bend necessitalcs
compression within the pass arca.

The Banning Fault is an older high-angle
strike-slip fault zone which has become reactivated
in the Quatcrnary (Matti and others, 1992). The
eastern segment, cast of Cotlonwood Canyon, is
well-defined and remains a dominantly right-lateral
fault. This segment offsets Holocene deposits and
experienced minor fracturing during the 1986 North
Palin Springs earthquake, The rest of the zone,
within the Pass, has becomc dominated by
compressional tectonics of the San Gorgonio Pass
Fault Zone as the $an Bernardino Mountains move
southeast along the San Andreas Fault. Although
the most active deformation has shifted southward
in the Holocene, along the younger strands of the
San Gorgonio Pass Fault Zong, some thrusl and
reverse displacement has probably continued to
oceur along the ancestral strands of the fault zone
that arc entwined with the older Banning Fault.
There is probably still some component of right-slip
along parts of this fault zone.

The San Gorgonlo Pass Fanlt Zone is a
Quaternary thrust fault system characterized by
shott promincnt thrust segments (in Holocene and
late-Pleistocene alluvium) offset by inferred strike-
slip "car fauits” (Matti and others, 1992). As
interpreted by Matti and others (1992) the earlier
strands of this fault zone were superimposed on the
older Banning Faull, but the locus of deformation
has shifted southward, out from the mountain front.
As a low angle thrust the San Gorgonio Pass Fault
has probably cut the ancestral Banning Fault at
depth to the north. However, due to the presumed
north dip of the San Gorgonio Pass Fault Zome it
still has some effcct on some of the faults in the
hanging wall (for example, it’s ancestral strands (o

the north and the faults on Alta Mesa). The
youngest faulting is complicated (or obscured) in
some parts of the Pass area by Jarge-scalc
landshiding and probable ridgetop spreading.

Other strike-slip faults in the $an Gorgonio
Pass, tclated to the San Andreas and Banning
Faults, include the Gandy Ranch Fault and the
Garnet Hill Fault, These faults have been aclive in
the Pleistocene, and to some extent also in the
Holocene, although they do not appear to now be
major teclonic elements of the fault system. There
are also older parallel faults 1o the northcast of the
San Andreas Fault which do not seem to he active,
althouph they have been addressed within the body
of this report.

Extensional faults include the Beaumont
Plain faults and the Mclnnes Fault, These faults
are not well understood (Matti and others, 1992),
They have been active in the late Pleistocene, but
show no evidence of Holocene activity,

Older faulls in the Pass, such as the
Whitcwater River Fanit, Sonth Pass Fault, Lawrence
Fault, McMullen Fault, and Ranger Station Fault as
well as miscellaneous faults in San Timoteo
Badlands show no evidence of late-quaternary
aclivity and do not appear to be rclated to the
enrrent lectonic mechanisms.

Various studies within the region have
postulated late-Quaternary or Holocene slip-rates
for the San Andreas Fault of 25mm/yr north of
Redlands (Rasmusscn, 1982) diminishing to 6
25mm/yr less than 15km northwest of where the
fault enters the study area (Harden and Matti,
1989).  This diminution of slipralc may b
accommodated by the extensional faults of the
Crafton Hills Fault Zone and by the San Jacinto
Faull vone to (he west. A historic creep rate of
2mm /yr has been interpreted on the Banning Fault
a few kilometets east of the study area (Allen and
Sieh, 1983). Slip-raies (compressional) {or the San
Gorgonio Pass Fault Zonc inferred in this report
indicate a late-Quatcrnary vertical slip-rate of 0.9-
Lémm/yr near Banning and as high as 2.6
36mm/yr near Cabezon. This latter figure,
however, is not supported by the youngest
displaccment which only documents a late-Holocenc
slip rate of 0.3mm/yr. Matti and others (1992,
p.26) suggest that thc San Gorgonio Pass Fault
Zone "may be spatially and temporally cyclic’. The
faults in the Pass gencrally show more evidence of
activity in the castern hall of the study arca,
reflecting the siress input from the San Andreas
Fault Zonc.
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RECOMMENDATIONS FOR ZONING
(Plates 1l a, b, ¢ & d)

San Gorgonio Pass Fault Zone

The San Gorgonio Pass Fault Zone
(including the Cherry Valley Fault) is not
sufliciently active wesl of the Banning Bench to be
included im an Earthquake Fault Zone, and the
northwest-trending fault along the west side of the
Banning Bench is also poorly defined. Along the
southern margin of thc Banning Bench and
eastward the fault zonc is locally well-defined and
displaccs Holocenc deposits.  From Section 5 in
Bamning and eastward to Cottonwood Canyon, as
shown on Plates Tiib, ¢ and d, this faull zone should
be included in a new Earthquake Fault Zone,
incorporaling the existing zonc segment on Plate
1iic. The existing Earthquake Fault Zone along this
faull in the east half of the White Water quadrangle
(Plate TIId) should be rctained and extended 1o the
quadrangle boundary to include the concealed fault
south of Whitewater Hill (CGarnet Hill Fault ?).
The northeast-trending fault south of Cottonwood
Canyon (in Section §) appears to affect Holocenc
deposits and should also be included in an
Earthquake Fault Zone. A northwest-trending fault
in Section 1 on the west half of the White Water
quadrangle (shown on Platc 1d) that is currently
zoned has no cvidence for Holocene activity and its
Earthquake Fault Zone should be deleted.

Zoning to be based on fault traces of Kahie
and others (1987), Matti and others (1992, as
modified by Matti and Morion (1993), Morton and
Matti (1993ab)), Smith (1979), and this Fault
Evaluation Repont.

Banning Faplt Zone

The fault scgment west of Cherry Valley
shown on Plate 1ia is well-defined and shows both
geomorphic and geologic cvidence for Holocene
displacement. Tt should be incorporated into a new
Earthquuske Faull Zone. The Wildwood Canyon
splay, as well as various splays across the Batining
Bench (Strands A and B, Plates Ib & I¢), although
well-defined, show no evidencc of Holocene
displacement and should not be zoned. On the
Cabazon and White Watcr quadrangles (Plates Illc
and Id) the northern strand (Sirand B) should be
retained in a modified Earthquake Fault Zonc
(including east of Cottonwood Canyon) and
extended just west of Fotrero Creek based on
modcrately fresh geomorphic expression.  The
southern strand (Strand A) shows no cvidence of
Holocene activity and should be deleted from its
existing Earthquake Fault Zone. The location used
for Strand B between Millard Canyon and

Cottonwood Canyon is based on the mapping of
Morton and Matti (1993a & 1993b). The well-
defined high-unple fault eastward from Cotlonwood
Canyon has good geomorphic expression indicaling
recent displaccment and should be retained in an
Earthquake Fault Zonc,

Zoning to be based on fault traces of Clark
(1984), Hope (1969), Maiti and others (1992, as
modified by Matti and Mornon (1974-91) and Morton
and Matti (1993a,b)), Woodward-Clyde Consultanis
(1993), and this Fault Evaluation Report.

San Andreas Fault

The San Andreas Fault, as shown on Plate
Illc, is well defined for most of ils length and has
geomorphic and geologic indications of Holocene
activity. The existing Earthquake Fault Zone for
the San Andreas Fault at Potrero Creek should be
modificd and cxiended southward lo its juncture
with the Gandy Ranch Faul. The existing
Earthquake Fault Zone trending east toward Wood
Canyon should also be revised to reflect the
parrower zoning practiced since 1977 (Hart, 1994).
The subparallel fault to the north (Section 14)
displaccs Holocene deposits and should be included
in a new Earthquake Fault Zome. The central
branch of Dibblee (1981b) has no indication of
Holocenc displacement and its Earthquake Fault
Zone should be withdrawn, The other parallcl falt
branches to the northeast similarly have no cvidence
of Holocene activity and should not be zoned.

Zaning to be based on fault traces of Hope
(1969), Matii and others (1992, as modified by
Merton and Matti  (1993a)), and this Fault
Evaluation Repon.

Gandy Ranch Fault

The fault, as shown on Plate IIlc, appears
sufficicntly active and well-defined al least as far
west as Hathaway Creek and should be retained in
an Earthquake Fault Zone. To the west, on the
Beaumont quadrangle, the faull is not as well-
defincd, is not sufficiently active and should not be
zoned. The fault segment east of Potrero Creek is
active (regardless of its affinity (o the Gandy Ranch
or San Andreas fault) and should also be retained
in an Earthquake Fault Zone, The current zone
boundarics should be modernized 1o reflcet the
narrower zoning practiced since 1977 (Hart, 1994).

Zoning to be based on fault trace of Matti
and others (1992, ay modified by Morton and Matti
(19934)) and this Fault Evaluation Report.
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Garnet Hill Fault and related faults on Alta Mesa
The Garnet Hill Fanlt is moderately well to
welt defined but, exccpt near White Watcr (San
Gorgonio Pass Fault Zone ?), i has no evidence of
Holocene displaccment. Where the fault crosses
the Whitewater River, forming a scarp in Holocene
alluvinm, it should rcmain in an Earthquake Fault
Zone that should be connected to the San Gorgonio
Pass Fault Lo the west.  This zone should be
extended to the castern boundary of the quadrangle
to include the inferred trace south of Whitewater
Will. The western strand of the Garnet Hill Fault
is a Pleistocenc sirike-slip fault with some data to
indicate no Holocene activity. Consequently its
Earthquake Fault Zonc should be withdrawn,

The observable featurcs across Alla Mesa
are almost entirely gravitational in origin. Although
there is no evidence of active faulting, any of the
observed features can be expected Lo respond to a
ground rupture event along either the San Gorgonio
Pass or Bannming fauits. The potential [lor
seismically induced landsliding and lateral spreading
should be noted across Alta Mesa on the Official
Earthquake Fault Zone map. Current Earthquake
Fault Zones on the top ol Alta Mcsa (other than
those for the Banning Fault) should be deleted.

Zoning to be based on fault trace of Hope
(1969), Matti and others (1992, as modified by
Morton and Matti {1993h)) and this Fault Evaluation
Report.

Beaumont Plain faults

Although reasonably well-defined, the faults
of this zone are not sufficientdly aclive and no
Earthquakc Fault Zone is recommended.

McInnes Faukt

This fanlt has no indicalion of Holocene
displacement and no Earthquake Fault Zones arc
recommended.

"Millard Canyon Guard Station Fault"

This fault is poorly dcfined and has no
evidenee of Holocene displacement. The existing
Euarthquake Fault Zonc for this fault on the
Cabazon quadrangle should be withdrawn.

Cox Ranch Fault

This fault has no indication of Holocene
displacement and no Earthquake Fault Zoncs are
recommended.

Whitewater River Fault

This fault bas no indication of Holocene
displaccment and no Earthquake Fault Zones arc
recommended.

South Pass Fault

This [ault has no indication of Holocene
displacement and no Earthquake Fault Zones arc
recommended.

Lawrence Fault, McMullen Fault, Ranger Station
Fault and related structures

None of these faulls have evidence of
Holocene displacement and no Earthquake Fault
Zones are recommended.

Miscellaneous faults parallel to San Timoteo
Canyon

No Earthquake Fault Zones are
recommended along any of the faults discussed.
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Jerome A Treiman
Associale Geologist
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